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PREFACE 


This  book  was  designed  to  set  before  the  student  of  medicine 
the  prc^reas  made  in  those  branches  of  physiolc^^ical  study  which 
have  an  immediate  bearing  on  pathology  and  therapeutios^  and 
to  thereby  give  him  an  insight  into  the  methods  of  research,  and 
a  training  in  the  processes  of  deduction,  which  cannot  be  gained 
from  the  bare  and  unstimulating  outlines  of  the  text-book.  In 
the  text-book  all  branches  of  physiology  are  treated  as  of 
equal  value ;  in  reality  many  parte  of  the  science  have  little 
bearing  on  practical  medicine,  while  others  are  of  fundamental 
importance  and  cannot  be  studied  too  deeply.  Some  of  these 
latter  the  Editor  and  his  co-workers  have  endeavoured  to  treat 
in  such  a  manner  as  to  make  the  student  think  out  problems, 
rather  than  to  learn  fact^  in  a  parrot-like  way. 

In  carrying  out  this  idea  each  writer  has  been  held  re- 
sponsible for  his  own  views  and  interpretations  of  the  subject 
which  he  has  undertaken,  and  if,  as  occasionally  happens,  the 
writers  on  cognate  subjects  have  overlapped  and  differed  in  their 
conceptions  of  the  mechanisms  involved,  the  Editor  has  not 
sought  to  remove  such  differences.  It  is  to  the  advantage  of 
the  student  to  study  such  opposed  views,  and  thereby  have 
his  powers  of  criticism  and  judgment  sharpened^ 

The  Editor  hopes  that  the  book  will  also  be  of  value  to  the 
clinician,  who  wishes  to  realise  the  views  of  the  chief  European 
and  American  authorities  on  such  subjects  as — diabetes ;  uric 
acid  metabolism;  hsemolysins  and  immunity;  mountain  sickness^ 
caisson  sickness,  and  oxygen  as  a  therapeutic  agent ;  the  meta- 
boliam  of  fat  and  treatment  of  obesity ;  the  influence  of  tem- 
perature and  rehitive  dryness  of  the  atmosphere,  of  work,  diet, 
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baths,  clothii^,  &c.,  on  metaboliEm;  the  causation  of  dyspnoea, 
and  of  Clieyne-Stokes  reapiration ;  the  influence  of  the  thyroid 
and  suprarenal  glands  on  metabolism  ;  the  action  of  the  digestive 
ferments  ;  Catalysts,  and  chemical  excitanto ;  the  colloidal  structure 
of  hving  matter  and  the  influence  of  electrolytes  in  solution — a 
subject  of  immense  importance  to  thempeutics;  the  formation 
and  absorption  of  lymph ;  the  urinary  excretion^  and  so  forth- 

In  the  bibli<^raphy  at  the  end  of  each  article  only  such 
references  are  given  as  will  enable  the  reader  to  find  his  way 
into  the  full  Kterature  of  the  subject   dealt  with. 

The  Editor  hopes,  if  this  volume  fulfils  a  want  which  he  be- 
lieves exists,  to  edit  a  subsequent  volume  In  which  other  subjects 
of  equal  interest  and  importance  may  be  treated  in  a  like 
manner- 
He  offers  his  best  thanks  to  Drs.  J.  S.  Kaldaue  and  J.  B.  Leathes 
and  Mr,  J.  Craw  for  reading  certain  parts  of  the  proofs. 


OSBORNB  HqUBE,   LoUHHTON, 
November  36,  IBO&. 
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RECENT   ADVANCES   IN   PHYSIOLOGY 

CHAPTER    I 

ENERGY  TRANSFORMATIOSS  IN  LIVING  MATTER 

Regarded  from  the  physical  standpoint,  all  the  acts  which  con- 
stitute our  existence  are  due  to  transfonnatioits  of  euei|^  in  the 
worid  oataide  us  and  in  our  own  bodies.  It  is  by  the  medium  of 
such  energy  tranHformations  occurring  in  our  senae  oi^ans  that 
we  are  made  aware  of  the  existence  of  the  external  world,  and 
kept  informed  of  the  changes  going  on  in  it>  and  it  is  by  such 
transformations  going  on  in  the  various  living  cells  which  consti- 
tute our  bodies  that  energy  is  obtained  for  all  those  operations 
by  which  the  body  is  nourished  and  enabled  to  adapt  itself  to 
the  rest  of  the  world  around  it. 

The  same  statement  is  true  of  all  organised  and  living  matter, 
however  high  or  low  its  degree  of  organisation  may  be.  Whether 
the  living  matter  belong  to  the  vegetable  or  animal  division,  to 
micro-organism  or  man,  it  is  ahke  a  field  for  the  display  and 
reception  of  energy  transfonnations,  and  its  life  manifests  itself 
by  the  taking  in  of  energy  in  one  or  more  forms  and  the  giving  of 
it  up  in  others- 

In  dealing  with  the  physical  aspect  of  the  phenomena  of  living 
organisms,  it  may  be  well  at  the  outset  to  discuss  how  closely 
such  phenomena  are  associated  with  those  observable  in  the  in- 
organic world. 

In  the  first  place,  the  bodies  of  living  organisms  are  built  up 
from  the  same  chemical  elements  as  are  found  in  inorganic  struc- 
tures. In  the  process  of  organisation  the  chemical  constitution 
becomes  so  complex,  and  the  physical  organisation  of  the  complex 
chemical  molecules^  whereby  hving  matter  is  eventually  formed, 
BO  intricate,  that  the  organic  chemist  and  physical  chemist  have 
bitherto  not  been  able  to  follow  the  process,  and  hence  we  know 
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but  little  regarding  the  conatltLitJon.  and  eti^ctUK  cf  living 
matter, 

AJbhougk  tiie  intermedjatc  stages  in  tbe  procew  cannot  be 
ft>l)owed  by  any  means  at  present  known  to  us,  we  ran  learn 
something  hy  watching  the  ends  of  the  prooeas,  by  noting  the 
ingesta  and  egesta  of  the  Uvbg  matter,  and  atudying  quaUtatlveiy, 
and  quantitatively,  the  energy  changes  ilisi^layed  hy  living  matter. 
Ab  a  result  of  such  observations,  it  is  found  that  the  two  fanda- 
meiital  laws  of  the  laorganio  worlds  aamely^  the  conaervation  of 
matter  and  the  eonservation  of  energy,  aio  obeyed  throughout 
the  whole  range  of  organised  nature.  Both  these  laws  can  be  as 
well  [lemonHtrflti?d  by  using  a  living  animal,  and  making  a  debit 
and  credit  aeeount  for  the  matter  and  energy  taken  in  and  given 
out,  as  by  perforraiag  e.  combustion  experiment  or  cauaing  any 
other  transformation  of  energy  and  matter  by  mcona  of  non-vital 
matter  and  non-vital  energy- transformers.  We  see  that  this 
must  he  so  when  we  consider  that  Uving  matter  is  formed  from 
the  same  material  sources  as  n  on -living  matter,  and^  lurther, 
that  both  its  building  up  and  its  suurcea  of  energy  for  all  its 
changes,  when  built  up,  arise  from  non-vital  forma  of  energy; 
thus  the  same  fundamental  laws  must  apply  to  it  as  to  the  in- 
organic world,  for  otherwise  no  balance  could  exiflt  between  the 
two  domains. 

It  by  no  means  follows  from  thia,  however,  that  there  is  no 
difference  except  complexity  of  structure  between  hving  and  non- 
living matter,  that  there  is  no  form  of  energy  peculiar  to  living 
matter,  and  that  if  we  only  knew  how  to  apply  to  living  plants 
and  animals  the  laws  pertaining  to  the  forms  of  energy  found  in 
inorganic  nature,  we  should  find  nothing  superailde<!,  nothing  to 
justif}'  such  terms  as  liDiag  or  vO^L  The  very  esEistenoe  of  such 
woxda  as  "hving"  and  '* vital"  indicate  the  primary  conception 
of  aomothing  csaantially  different  in  nature,  and  it  ought  to  be 
noted  that  it  is  the  presence  of  certain  peculiar  energy  phenomena 
which  gives  rise  to  the  necessity  for  introducing  such  words,  and 
not  complexity  of  structure  or  development.  We  call  things 
living  because  of  the  energy  changes  they  exhibit,  and  not  because 
they  are  complex  chemically  or  physically.  P''urthor.  when  theeo 
peculiar  energj-  phenomena  are  gone,  the  objeela  are  dead,  and 
even  during  life  they  are  more  typically  living  the  more  markedly 
they  uhancc  to  show  the  distinctive  energy  phenomena  of  hfe. 
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The  rapid  advances  of  physical  chemistry  within  the  past 
generation  have  fostered  and  encouraged  in  many  minds  the 
behef,  which  every  day  appears  to  grow  stronger  and  more 
popular,  that  all  the  phenomena  exhibited  by  living  atructures 
are  capable  of  explanation  by  application  of  the  laws  govermng 
non-living  matter,  that  by  processes  of  difiusion  and  osmosis 
through  peculiarly  constructed  membranes^  behaving  somewhat 
differently  indeed  to  those  as  yet  fabricated  by  the  art  of  man, 
but  nevertheless  membranes,  all  the  complex  changed  and  trans- 
formations affected  by  the  cell  are  capable  of  explanation. 

The  evidence  of  experiment  clearly  shows,  however,  that  the 
living  cell  is  not  a  peculiarly  constructed  membrane  obeying,  even 
where  it  most  directly  seems  to  disobey,  the  physical  laws  of 
diffusion  and  osmosis ;  but  is  an  energy  mackiTie  or  traT^sformer 
by  virtue  of  the  operation  of  which  a  form  of  energy  appears 
peculiar  in  its  manifestations  and  phenomena  to  living  matter, 
and  producing  adaptations  and  combinations  in  non-vital 
matter,  which  in  many  instances  have  not  been  imitated,  and  in 
others  have  only  been  imitated  by  obviously  different  processes,  by 
the  apphcation  of  other  forms  of  energy  acting  through  non-vital 
transformers. 

At  the  same  time  it  may  be  pointed  out  that  this  in  no  way 
stultifies  the  application  of  physical  chemistry  to  biological 
problems,  or  minimises  the  great  service  which  an  increased 
knowledge  of  physical  chemistry  has  done  and  will  do  for 
biology. 

In  recent  times,  advances  in  physical  chemistry,  and  in  the 
knowledge  of  the  properties  of  solutions,  and  of  reactions  occur- 
ring in  solution,  have  pointed  the  path  to  advances  in  biological 
science,  and  it  U  m  this  direction  that  in  the  future  moat  onward 
movement  is  to  be  expected. 

A  knowledge  of  physical  chemistry,  and  more  especially  of  the 
lawB  and  phenomena  of  aolutions,  both  of  colloids  and  crystalloids, 
LB  indispensable  to  the  modern  biologist,  taking  that  word  in  its 
widest  sense,  for  it  is  here  that  we  shall  gain  our  closest  approach, 
as  far  as  can  be  at  present  seen,  to  the  phenomena  taking  place  in 
the  living  cell. 

This  follows  because  the  cell  in  structure  consists  of  colloids 
and  crystalloids  in  common  solution  in  water,  and  hence  much 
may  be  gained  by  a  knowledge  of  the  laws  of  such  a  solution. 
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It  is  imperative  to  add,  however,  that  this  peculiar  solution 
poBseases  Hometbing  auperaddt^tj^  that  thia  colloidal  solution  Iiaa  a 
stnjcture  and  orj^amsatiun  wkicli  diiTerentiat*  it  Erom  all  tioel- 
living  colloids,  auch  as  starch,  gelatine,  or  protcid  iu  solution ; 
impress  upon  it  peculiar  propcrtiaa.  and  make  it  the  scene  of  those 
typical  energy  tranaforraationa  which  we  aggregate  together  under 
the  term  life. 

It  is  imiortunabe  that  the  rebound  from  tbe  bondage  of  tbe 
old  view  of  a  mvaterious  vital  force  or  vitrtt  energy,  posseasing  no 
connection  or  correlfltion  with  the  forma  of  energy  exlubitcd  by 
non-living  rranaformera  of  energy^  should  have  led  to  tha  equally 
mischievoufl  view  o!  the  present  day,  that  no  form  of  enei^  what- 
ever is  ]>re3ent  in  hving  cells  save  such  as  la  seen  in  the  caae  of 
non-living  matter. 

In  order  to  avoid  confusion  with  ancient  fallacies,  the  writer 
has  elsewhere  Buggestod  the  uao  o£  the  term  '*  biotic  energy  "  to 
represent  that  form  of  energy  ptculiar  to  hving  matter,  and 
exhibited  in  those  energy  phenomena  which  are  confined  to  Uving 
matter  and  are  indeed  ibs  intriiisir,  property,  by  whinh  it  is  differ- 
entiated and  known  to  be  ahve. 

It  must  be  pointed  out  that  this  point  of  view  is  eqnally  difl- 
tinct  on  the  one  hand  from  the  ancient  one  of  vital  force,  which 
postulated  something  entirely  dietinet  from  the  forma  of  energy 
of  the  non-living  world,  and  on  the  other  from  the  modern  view 
that  there  eJCiBtfi  in  hving  matter  no  fonn  of  energy  which  is 
not  ideniical  with  the  forma  of  energy  exhibited  in  non-living 
Btnicturca, 

The  conception,  in  brief,  is  that  biotic  energy  is  just  aa  closely, 
and  no  more,  related  to  the  varioua  forms  of  energy  existing  apart 
from  life,  aa  thiise  are  to  one  another,  and  that  in  presence  of  thra 
proper  and  adapted  energy- Irana former,  viz.  the  living  cell,  it  ia 
capable  of  being  formed  from  or  converted  into  various  of  thcso 
other  forma  of  energj',  the  law  of  ci>n9et\'ation  of  energy  being 
obeyed  in  the  process  just  as  it  would  be  if  an  exchange  wers 
taking  place  betw^een  any  two  or  more  of  the  Istt^r  forms. 

We  know  no  more  or  ro  less  of  the  intrinsic  nature  of  tliifl 
biotic  energy  than  we  do  of  any  of  the  non- vital  forms;  but  we 
do  know  that  it  ia  confined  to  living  matter,  which  acts  aa  a 
tranalormer  between  it  and  other  forma,  and  that  the  loss  of  this 
property  means  the  death  of  the  living  matter,  that  the  pheno- 
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mena  are  a§  distinctive  aa  those  of  other  forraa  of  energy,  and 
that  tbese  phenomfina  are  studied  by  the  aame  typoa  oE  proceas 
as  arp  applied  in  the  study  of  otht^r  forms  of  energy- 

It  is  perliaps  not  as  commonly  recognised  as  it  ought  to  be 
that  fur  all  formn  of  energy  the  object  of  Htudy  of  the  chemist  or 
jhrsicist  in  the  transform  at  ion  of  on^  form  of  energy  into  another, 
^d  the  phenomena  obaerviible  during  such  trana formation. 

Our  advances  tn  natural  flcicneo  are  made  by  studying  ex- 
perimentally new  tranflforraers  by  which  hitherto  im observed 
forms  of  energy  are  developpd,  by  ntiting  us  closely  as  p<ji*8JMe 
the  nature  of  the  instrument  or  transformer  and  adapting  thia 
^  its  work,  and  by  studjing  the  effect  of  each  form  of  energy  so 
Btvclopcd  upon  various  fonne  of  matter,  and  the  routes  or  trans- 
Tonners  by  which  it  is  dissipated  into  other  forms  of  energy. 

In  all  case*  we  observe  that  floine  material  agenry  or  arrange- 
ment is  iiecesfiary  in  order  that  tiie  transference  from  any  one 
specific  form  to  any  other  may  be  effected,  and  that  this  a^nt 
differs  ^^-ith  the  forma  between  which  exchange  is  going  on.  The 
macbkte  oi  atructure  through  which  the  change  is  effected  may 
bo  termed  the  ejuTgij'tTonKjvnn^. 

Obseivatioii  t^iache*  that  bodies  or  aubaUnces  which  by  their 
stnjcture  or  arrangement  are  specially  adapted  for  promoting 
certain  energy  escchango^  are  quite  inert  with  regard  to  other 
exchangee. 

In  the  caae  of  some  energy  trnrtsformatiouft  the  property  of 
acting  as  transformer  appears  to  be  shared  by  all  ftrrnis  of  matter, 
although  in  varying  degree,  wkiJe  in  other  transformations  the 
property  ia  most  flpeciticj  and  nssocijit(?d  with  some  special  arrange- 
ment of  matter.  Thus,  for  example,  all  metala  poaaeas  the  pro- 
perty in  varying  degree  of  electrical  conductivity,  and  in  inverse 
proi>orlion  act  as  transformers  for  the  conversion  of  electrical 
energy  into  heat  energy.  The  chlorophyll  of  the  green  plant, 
on  the  other  hand,  has  tho  very  specific  power  of  converting  Ught 
enerpy  into  chemical  energy,  and  here  acts  as  a  peculiar  energy- 
transformer.  Similarly,  all  enzymes  are  energy- transformers, 
limited  and  specialised  in  range  of  action,  for  the  traiisfon nation 
ol  chemical  energy-  Again,  iron  in  a  most  marked  degree  (and  a 
few  other  metals  to  a  le:iS  extent),  is,  by  some  spcoEal  structural 
armngfiment,  specially  adapted  to  act  as  a  transformer  in  the  cass 
of  magnetic    energy,  effecting    its   conversion  into  electrical   or 
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Qiechanical  energy,  or  ince  versfl.  Similarlyf  for  radiant  light  and 
heat  Bome  bodies  are  tranapanint,  and  tranamit  these  Forma  of 
energy  unait<?rcJ,  while  others  arc  o|)aqu<?  and  transforca  tho 
energy  into  other  forms. 

It  19  not  neeeflsary  to  go  on  multiplying  pjcample^,  hut  it  iTiiiv 
be  urged  that  in  exartly  siniilar  fashion  the  pi'utoplasni  rf  the 
living  cell  of  plant  or  animal  h  on  account  of  [is  peculiar  struc- 
ture and  constitution  a  transformer  of  energy,  spoeially  adapted 
for  the  intermediate  con^eraion  of  chemical  energy,  presented  in 
certain  suitable  forma,  into  biotJc  energy,  and  for  it^  final  con- 
version into  other  forrna,  such  as  mechanical  energy  and  heaL 

A  fon?i deration  of  the  forma  of  energy  recognia^.'d  as  different 
in  the  non-living  world  abows  ua  that  the  only  oriterion  of  differ- 
ence in  type  is  the  existence  for  each  type  of  eierg}'  of  a  set  of 
phenomena  peculiar  to  Jt,  and  the  production  by  the  play  of  the 
particnlar  form  of  energy  of  reanlta  typical  of  it,  which  cannot 
be  produced,  at  any  rate  under  hke  conditiona  of  operation,  by 
any  of  the  other  fonns  of  enerpv- 

It  is  no  argument  against  the  eKiatence  of  a  discrete  form  nf 
energy  that  it  Is  only  priHluced  from  other  forms  of  energy  and 
passes  back  again  into  other  Forma.  In  fact,  it  must  be  ao  pro- 
duced and  so  pasa  back,  or  the  balance  of  which  the  law  of  con- 
servation of  energy  is  the  exproaaion  would  be  upaet.  Hence  the 
facta  that  vital  phenomena  arise  from  the  expenditure  in  the  cell 
of  chemical  energy,  and  that  the  phenomena  are  accompanied  by 
development  oE  heat,  electricity,  and  other  forms  of  energy  are  no 
arguments  that  auch  vital  [)henomena  arc  not  characteristic  of  & 
type  of  energy  found  only  in  living  structures. 

It  ia  unly  necessary  to  prove  that  a  set  of  energy  phenomena 
exist  in  living  structures  which  are  characteciatic  of  hfe,  that 
energy  efiectfl  are  prodnced  and  can  be  demonstrated  in  living 
cells  which  cannot  be  shown  apart  from  life,  in  order  to  prove 
that  we  here  have  to  deal  with  a  type  of  energy  which  does  not 
appear  in  non-living  matter. 

We  may  pass,  accordingly,  to  an  enumeration  of  some  of  the 
peculiar  energy  propertiea  of  hving  matter  )ipon  which  reliance 
can  be  placed  as  proving  that  such  matter  ia  a  peculiar  energy- 
transformer  in  which  a  pecnliar  type  of  energy  (biottc  energy)  is 
develoj>ed  alonguide  of  other  forms  which  alao  occur  in  inorgaiiio 
nature  H 
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I.  The  modp  of  i>roduction  of  living  matter  is  charact  aria  tic, 
and  cannot  be  brought  about  by  the  action  aojoly  of  inorganic 
forma  of  enerpy.  Livin|2  matter  is  produced  only  by  the  action 
of  othpr  living  inatttrr  upon  tlie  materials  anf]  fomis  of  t^nergy 
of  tlie  non-living  wotM-  In  the  proccfla  the  inatLcr  involved  la 
built  tip  into  substances  of  grsat  chemical  couiplL'sity,  and  it  baa 
been  suiipoaed  that  this  ia  the  eeeential  portion  of  the  process  of 
production  of  a  living  etrueturo ;  but  it  must  be  noted  that 
even    this    very    production    of    coniplexity    of    structure    trom 

iple  inorganic  bodies  at  the  ejcpense,  of  the  oiiP?rgy  of  the 
rays  takes  place  and  can  only  take  placn  in  a  living  struc- 
itdelf. 
The  very  building  up  of  the  machine  or  transformer  in  which 
tbe  manilefltutionH  of  bioiic  energy  are  3ubs(?(jueiitlv  to  take  place 
is  then  ft  cogent  argimient  that  ht^re  we  ate  ileahng  with  a  type  of 
encf^  which  is  not  met  with  elsewhere.  For  nowhere  else  in 
Nature  does  a  similar  profosB  appear  to  that  of  the  production  of 
living  structure,  and  by  no  combination  or  application  of  the  forma 
of  energy  apart  from  life  can  it  be  r*^peated  or  simulated. 

II.  The  life  cycle  of  the  cell,  no  leas  than  its  birth  or  first 
production,  yields  a  strong  argument  for  the  existence  witliin  it  of 
a  peculiar  typo  of  energy, 

It  might  be  argued  that  it  was  merely  the  compiei  BlfUcture 
of  the  pmtoplaam  that  was  required  in  order  that  the  inorganic 
forms  of  energy  might  lie  stt  in  play;  and  that  given  this 
structure,  osmosis  and  diffusion  and  chemical  and  electrical  energy 
did  the  rest.  But  how  comes  it,  then,  that  a  cell  perfect  in 
structure  does  not  remain  perpetually  an  engine  for  the  play  of 
aiich  inorganic  forces,  and  why  doffl  not  Ufe  last  perpetually  in 
tbe  some  cell  in  a  state  of  equilibrium  ?  Why  does  the  cell  divide 
and  reproduce  itself  and  pasH  through  a  cycle,  if  it  is  merely  a 
etructure  for  the  play  of  inorganic  fcrma  of  ent^rgy?  No  such 
phenomena  of  change  and  rBproduction  and  death  are  seen  any- 
where in  the  inorganic  world,  nor  can  they  be  reproduced  elsefthere 
than  in  hving  ceils. 

If,  on  the  other  hand,  the  living  cell  posaosaea,  in  addition  to 
ita  peculiar  and  complex  chemical  and  physical  structure,  the  pro- 
perty of  producing  from  the  inorganic  forms  of  energy  a  type  of 
energy  of  its  own,  some  means  of  accounting  for  the  diviaiou  and 
reproduction  of  the  cell  become  at  once  appHTcnt,  * 
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Nearly  all,  if  not  flU,  other  known  forms  of  energy  are  phasic 
or  ctfdic  In  uLaraeter,  aod  it  is  highly  probable  that  bSotio  energy 
must  he  cyclic  also,  tin*  conditions  of  tlie  cytly  being  different  ia 
different  trpea  of  eel],  and  under  different  conditions  of  environ- 
ment, and  hence  at  certain  ata^ca  altemtinna  inuat  occur  as  tKn 
result  of  variatJoQ  in  the  biotic  cnetg}'  of  the  cell  for  the  dma 
being. 

In  other  funna  of  energy  we  recognise  what  has  been  termed 
the  potential  factor-  Now,  if  we  suppose  that  in  the  hving  cell 
there  is  produced  a  type  of  energy  peculiar  to  hving  stnictarea, 
from  the  non-living  forma  of  energy  supplied  from  without  by 
means  of  the  cell  ai^tJng  as  traiij^former,  then  it  may  be  flnpp<is«3 
that  if  there  is  any  tendency  to  accumulation  of  biotlc  energy,  the 
capacity  factor  being  fixed  by  the  size  of  the  cell,  the  potential 
factor  must  increa^  and  lead  to  division  and  reproduction. 
Naturally  any  auch  procaBs  must  be  modified  by  other  factors 
playing  in  upon  the  cell,  such  as  food,  temperature,  and  other 
Qondttione  of  environment,  but  it  would  he  guided  and  controlled 
by  the  biotic  eneigy  of  tbe  cell. 

The  division  and  reprodtiction  of  tbe  coll,  therefore,  iuiuieh 
energy  phenomena  of  a  type  not  found  outside  Uving  matter 

III,  Heredity,  and  the  reproduction  of  like  apecies  from  like, 
shows  that  tbere  is  sometbtng  present  not  dependent  merely  upon 
atructurcv  but  that  the  cell  posaesacs  a  type  of  energy  which  cauacs 
a  retention  of  properties,  and  a  capaeity  for  comnmni cation  of 
these  onward. 

By  variations  in  the  factors  of  sucli  a  form  of  energy  thft 
character  of  the  effects  are  capable  of  alteration,  much  in  the 
same  wtty  as  variation  in  vibration  period  can  aEter  tlie  ctTuota 
produced  by  radiant  energy,  or  alterations  in  constituent  groupA 
of  the  chemical  niolectde  can  alter  the  chemical  energy. 

The  closest  histo]ogt[:al  examination  reveals  no  essi^ntial  diiler- 
ence  between  tbe  ovum  of  one  species  of  mammal  and  that  ot 
another,  yet  tbe  cells  develop  into  widely  different  species.  This 
cannot  all  be  due  to  nothing  hut  the  operation  of  inorganic  forma 
of  energy  upon  stmrtiire  so  similar  that  tlie  microscope  can  show 
no  difference  in  design.  Nor  can  the  unicellular  ovum  contaia 
already  laid  down  in  it  structurally  some  representation  of  each 
cell  or  even  each  tissue  of  the  animal  which  ia  to  be  formed  from 
it.     It  is  too  minute  and  too  simple  in  its  organisation  to  render 
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such  a  view  tenable.  Nor  is  the  chemical  competition  of  the 
complete  snimal  represented  in  that  of  the  early  embryo.  It  is 
evident  that  the  course  of  cell-division  and  development  by  which 
a  constant  species  is  arnvcd  at  are  not  attained  hy  means  of 
Btructure  in  the  embryo,  the  ingress  of  cheniical  energy  from 
vithout,  and  the  action  of  diffusion  and  osmosis.  But  if  there  be 
added  to  these  the  presence  of  a  distiuct  type  of  energy  peculiar  to 
living  matter  which  controls  and  regulates  the  energy  phenomena 
of  the  growing  embryo,  and  which  is  attuned  initially  to  the  species 
of  living  creature  to  which  the  embryo  belongs,  then  a  more  feasible 
basts  for  the  explanation  of  the  course  of  development  of  the  indi- 
vidual becomes  apparent.  At  each  step,  this  biotic  energy  will 
regulate  the  growth  and  division  of  the  cella  of  the  growing  embryo. 
As  each  stage  is  reached,  similar  changes  in  the  distribution  of 
biotic  energy  will  occur  as  in  previous  generations,  for  the  embryo 
will  arrive  at  them,  with  the  same  distribution  as  in  past  genera- 
tions of  its  store  of  energy,  and  hence  the  same  phases  in  the 
energy  phenomena  will  repeat  themselves,  except  in  so  far  as 
these  are  modi£ed  by  nutrition  and  environment  in  a  secondary 
degree. 

In  the  process  of  growth,  the  oxidation  of  the  food  yields  the 
necessary  ene^y,  which  is  converted  into  biotic  energy,  and  then 
this  is  utilised  in  building  up  fresh  cellular  material,  in  fabncating 
chemical  substances  for  the  use  of  the  cells  and  in  producing  other 
forms  of  energy.  Throughout,  the  biotic  energy  retains  certain 
intrinsic  characteristics  derived  from  the  fertilised  ovum,  and  by 
the  impress  given  by  these  the  process  is  directed. 

IV,  The  fundamental  properties  possessed  by  Lving  matter  of 
irriiability,  con£ractiliti/y  and  conductiviitfy  are  aU  energy  phenomena 
characteristic  of  life,  and  nowhere  manifested  by  the  operation  of 
other  forms  of  energy  in  non-living  matter.  While  it  is  un- 
doubtedly true  that  the  exhibition  of  these  properties  in  living 
tissue  are  accompanied  by  manifestations  of  other  forms  of  energy, 
such  as  chemical  change,  electricity  and  heat,  and  indeed  neces- 
sarily must  be,  sioce  the  cell  obtains  the  energy  used  in  the  pro- 
duction and  propagation  of  these  changes  from  such  non-biotic 
forms  of  energy,  yet  the  alterations  in  irritability  are  characterised 
by  phenomena  which  are  not  chemical  electrical,  or  caloric,  and 
cannot  be  placed  under  any  of  the  known  forms  of  non-biotic 
energy. 


EXERGY  TRANSFORMATIONS 


Take,  E,s  d.a  exampter  the  nerve  impulse  trftvoUing  aloog  a 
living  fierve-fibre,  A  similar  pheoomenon  cannot  be  reprocluced 
in  any  nfin-Iivlng  structure,  flrd  while  ii  is  acoonipanied  by  an 
elpctnc  wave  wliuli  travd?*  at  Uie  rtamfi  rate,  it  cannot  be  li^ld 
that  the  electrical  en-^rgy  ia  the  nerve  impulae,  any  more  tljan 
that  the  <:hemital  change  or  electric  wave  accompanying  a 
muflcle  coiitraotion  wave  ib  the  contraction  wave  itself;  or,  to 
choD^e  an  evatn|jle  from  energy  transformation  in  non-living 
matter,  that  the  heat  in  the  ^ire,  and  magnetit;  field  aromid  it, 
are  the  electric  current  travelling  along  the  wire.  In  many 
other  manifeatatians  of  irritability  than  the  nerve  impulse  it  is 
known  that  increaaed  electrical  negativity  is  associated  with 
increased  phy^ologlcal  activity,  and  hence  the  moat  logical  view 
certainly  ia  that  the  negative  wave  arrompanying  tbc  nerve 
iinpuJae  i;ttokcn5  a  waVR  cf  increase  J  irritability  propagate*! 
along  the  fibre.  Here  we  have,  then,  a  phenomenon  of  biotic 
energy  in  a  typical  form,  and  can  even  get  at  one  property,  namely, 
the  rate  at  which  the  wave  of  biotic  ener^  la  carried  along 
this  partJcnlar  type  of  conductors  In  tbe  muscle  cell  a  similar 
wave  in  seen  traver^itig  a  different  form  of  conductor  at  a 
different  ratCn 

V.  The  iihdaholism  of  the  cell  fnmiahea  further  proof  that 
energy  changoa  in  the  cell  are  produced  by  the  aetion  of  a  type 
of  energy  not  found  elsewhere  than  in  living  tiaanea.  The  pro- 
dactton  of  the  living  protoplasm  of  the  i'ell  itself  has  already 
been  alluded  to  aa  a  prouf  of  the  existence  of  such  a  type  of 
energy ;  but  in  addition  to  the  substance  of  the  cnergy-trana- 
former  itself,  there  ate  to  he  considered  the  products  formed 
interstitially  within  tbe  cell  Moat  of  these  are  so  complex  that 
they  have  not  yet  been  synthesiaed  by  the  organir  chemist;  but 
even  of  those  that  have  been  synthesised,  it  may  be  remarked 
that  all  proof  ia  wanting  that  the  syiitbeaes  have  been  carried 
out  in  identically  the  same  fashion  and  by  the  employment  of 
the  same  forms  of  energy  in  the  case  of  the  cell  as  in  the 
chemist*s  laboratory,  Tlio  conditions  in  the  cell  are  widely 
difTi^rent,  and  at  the  temperature  of  the  cell  aud  with  such 
chemical  materials  aa  are  at  hand  in  the  cell  no  such  organic 
syntheses  have  been  artificially  carried  out  by  the  forma  of 
energy  estraneoua  to  living  tissue. 

Again,  tbe  regulation  of  the  produetlon  and  breaking  up  of 
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ch  substances,  the  variationa  in  rate  oE  action,  and  tlie  t^tgidation 
of  the  tuamfDid  intercurrent  reactions  running  eimultaneousty 
within  the  minrjte  oompasg  of  a  einple  cell,  even  mote  powerfully 
than  the  mere  flynttn*ftis  of  the  flubstances  point  to  a  controlling 
and  regulating  type  of  energy  difTepent  to  ariythirg  outside  living 
tier.  The  reverjjal  of  chemical  action  Irom  perioil  to  period, 
d  the  sudden  changi^  in  L^hemical  at'tivitien  produced  by  the 
activity  of  the  nervoue  BysVAOi,  have  no  parallel  outaide  the  realm 
of  living  cells. 

Muuh  has  been  made  of  the  fact  that  intracellular  enEymea 
have  been  isolated  from  living  cella  which  are  capable  of  pro- 
ducing actions  hitherto  only  observed  in  the  presence  of  the 
cell,  and  it  has  been  surmised  that  all  or  nearly  all  tbo  chemical 
activitv  of  the  cell  may  be  due  to  the  action  of  a  large  number 
of  such  hitracellular  enaymes.  It  has^  in  fact,  been  suppoBed 
at  if  a  solution  coulil  !>e  prepared  containing  the  proper 
munber  of  enzymes,  eath  in  appropriate  concentration,  that  the 
luticn  would  act  much  like  a  cell. 
Without  disparaging  the  importance  and  value  of  such  work 
separation  of  intracellular  enzymes,  it  may,  however,  be  urged 
ihal  there  is  in  such  a  view  no  explanation  of  the  phasic,  activity 
the  cell,  no  taking  into  account  of  the  action  of  the  living 
11  In  co-ordinafcing,  ao  to  speak,  the  myiiad  activities  going  on 
thin  it  whereby  the  whole  proceas  h  regulated.  Such  a  solution 
enJEym?3  compared  with  a  Uving  cell  would  be  like  a  horde  of 
warriors  compared  to  a  eivilisGd  and  disrijilined  army  of 
,  or  a  mass  of  unJuellular  organisms  compared  to  a  highly 
erentiated  mammal, 

There  must  obviously  in  the  cell  be  some  type  of  energy  con- 
trolUng  all  this  metabohc  activity,  and  this  is  the  nMe  played  by 
the  biotie  energy  of  the  cell 

VI-  The  osirintic  plietioinena  of  the  cell  demand  for  their  ei- 
planation  the  presence  of  a  type  of  energy  not  found  elsewheie 
an  in  living  structures. 
Even  in  the  case  of  those  cells  of  tho  body  which  in  form 
most  hlce  membraneota  structures,  vh.  the  air-cells  c>f  the  lung 
and  the  thin  endothelial  cells  of  the  wall  of  lyuipliatic  and  blood 
illanes.  it  has  been  clearly  ahown  that  the  laws  of  diSusion 
cemodia  as  observed  in  the  caa©  of  inert»  non-li\-ing  mem- 
ttiAoea  are  not  obeyed.    These  stmctuiee  are  not  inert  membranes, 
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but  living  cella  dJBplaying  biotic  energy,  taking  up  energy  from 
thfi  plftBHia  in  chemical  form  and  iiKing  tliat  energy  by  con- 
vi?iting  il  into  volume  or  osmotio  ecier^y.  and  pfietting  thereby 
He|iaration  of  aulstoncea  in  solution  in  greater  concentration- — 
tliat  is  to  say.  such  cells  act  eis  ener^3'-tranafnrmerB,  the  ultimate 
coDVersian  being  from  chenjical  into  volumo  enorgy. 

Sach  &  ebange  is  seen  in  the  accretion  of  gaaea  both  m  the 
Bwimming  blaJrJer  of  the  fish,  am!,  aocording  to  Bchr  ami  other 
observers,  in  tlie  niainnialiaii  lung,  where  the  i^artial  pressure  of 
the  iiarbon-dioj^ide  separated  in  the  alveolar  air  is  higher  than  that 
in  the  blood  of  the  pulmonary  capillaries.  Here  th«  cells  of  ttio 
lung  are  acting  against  presaure,  and^  no  matter  what  the  inter- 
mediate steps  mny  be,  volume  energy  ia  increased  iu  the  process, 
aiul  ujUHt  be  obtai[ieJ  frcni  the  ehemieal  energy  of  the  cell,  the 
cell-proto|f|aflm  acting  aa  the  energy  machine  or  tranafornior. 

Similar  instancea  of  gosaouB  secretion  are  seen  (with  the  dific.r- 
ence  in  th^se  instances  tbat  the  gas  is  retained  in  aolution,  and 
the  increased  pressure  ia  osniotif)  in  the  case  of  the  secretion  of 
saliva  and  of  bile,  where  in  both  caaes  the  pressure  of  dissolved 
carbon -dioxide  ia  greater  in  the  secretion  than  in  the  venoua  blood 
Sowiug  from  the  orpan-  Here  ju&t  as  trulj'  as  in  the  alveoli  o£ 
the  lung  volume  energy  ]s  increased  in  the  protesa  of  secretion, 
trk  a  similar  manner  hj-per-tomc  salt  aolutions  are  taWen  up  from 
the  serous  ci*viLiew  by  the  IjIoik.!  ancj  [ymph  capillarifs  Hmng  their 
walls  against  the  grai.Uent  of  osmotip  pressure.  The  absoqjtion 
oE  isotonic  e1TuHionB«  whether  normal  or  pathological,  in  a  piiDCCda 
which  also  demonstrates  that  the  cells  lining  the  veaseU  are  not 
inert  membranes  comparable  in  action  to  non-living  membranes, 
whether  permeable  or  aemi-permeable  ;  but  are  living  cella,  capable 
o£  acting  aa  active  absorbent  cliannela,  by  behaving  aa  machines 
pMseasing  the  important  fmiction  of  the  conversion  of  chemical 
into  volume  ener^.  But  it  is  in  the  case  of  the  typical  secretory 
and  excretory  cella  of  the  body  that  this  function  of  the  living 
cell  of  acting  as  an  energy- transformer  between  volume  energy 
antJ  chemical  energy  is  wen  develo[*i«l  ttj  its  highest  ilegree.  In 
these  cases,  it  ia  observed  not  only  that  the  amount  of  volume 
energy  developed  is  larger,  but  that  the  action  la  eminently  eelcpctive 
accordiug  to  the  nature  of  the  dissolved  substance. 

This  subject  will  he  gone  into  in  greater  detail  in  the  chapter 
on  secretion  and  excretion  ;  we  need  not  therefore  enter  more  fnlly 
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upon  the  matter  here  than  to  indicate  that,  in  the  kidney,  for 
example,  urea  aolution  la  concentrated  from  leas  than  04  per  cent. 
in  the  circulating  blood  up  to  2  per  cent,  in  the  urine,  and  that 
in  thie  process  no  matter  what  may  be  the  intermediate  stages, 
the  kidney  cells  develop  volume  energy^  gainst  the  usual  laws 
applicable  to  inert  semi-permeable  membranes,  just  as  much  as  a 
mechanical  engine  attached  to  a  piston  and  cylinder  would  do 
in  compres^ng  a  gas  from  a  pressure  of  about  130  mm.  of 
mercury  and  a  volume  of  75,000  c.c.  to  a  pressure  of  about 
6500  mm.  of  mercury  and  a  volume  of  1500  c.c,  these  being  the 
volomes  of  the  blood  and  urine  and  pressures  of  the  -04  and  2  per 
cent,  solntlons  respectively. 

!n  the  face  of  this  experimental  evidence,  surely  it  is  time  to 
cease  regarding  kidney  cells  as  aemi-penneable  membranes  to 
which  the  laws  of  oamosis  apply.  The  case  is  exactly  the  reverse 
of  the  Bemi -permeable  membrane,  in  which  the  solvent  passes 
through,  tending  to  equalise  pressures  and  reduce  volume  energy ; 
for  in  the  kidney  cell  the  dissolved  substance  passes  through  at 
a  greater  rate  than  the  solvent^  increasing  the  diEerence  in 
pressure  on  the  two  aides  and  developing  volume  energy. 

It  is  not  intended  at  aU  to  represent  that  the  phenomena 
described  are  contrary  to  the  laws  of  energetics,  but  to  make 
clear  that  the  cell  does  not  play  the  part  of  an  inert  membrane, 
tbat  the  laws  of  osmosis  deduced  from  observations  on  inert 
membranes  do  not  apply,  and  that  there  is  a  form  of  energy  and 
type  of  energy-transformer  at  work  which  are  not  to  be  observed 
elsewhere  than  in  hving  cells. 

The  study  of  the  properties  of  this  particular  energy-trana- 
former,  and  the  interactions  between  biotic  energy  and  the  in^ 
organic  forms  of  energy  carried  out  by  its  action,  is  the  province 
of  the  biologist,  who  must  approach  and  has  been  approaching 
the  subject  in  the  same  manner  as  the  physicist  and  chemist 
approach  the  fltudy  of  other  types  of  energy — that  is,  by  acting 
upon  the  cell  with  other  types  of  energy,  and  studying  rts  reaction 
to  such  treatment. 

Experiments  on  any  form  of  energy  consist  in  observing  the 
interactions  between  it  and  other  forms,  in  studying  the  nature 
of  the  transfoimer^  and  of  the  changes,  if  any,  which  occur 
in  it 

The  structure  of  the  cell  must  hence  be  taken  up  from  the 
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pomt  of  new  of  ita  function  ;  and  we  must  study  the  ahemica! 
and  physical  compoBition,  the  effect  of  the  several  conatituents 
upon  cne  another,  and  upon  the  mediuni  in  which  the  cell  lives, 
the  nature  and  ai?tion  of  tlit  input  btliI  output  of  the  cell,  in- 
cluding ita  secretiona  and  how  these  are  produceJ*  the  oamotic 
phenomena  and  the  effects  o£  changes  in  the  auirounding 
medium,  the  characteristic  accompanimentfl  of  stimulfltion  of  the 
cell  and  of  conduction  of  stimulation  from  part  to  part,  and  the 
effeots  prodnceti  by  cells  possessing  a  life  in.  comniun,  aa  in  the 
multicellular  animal. 

Phyflical  chemistry  afforda  ua  one  of  the  most  powerful  ex- 
perimental engines  in  conducting  auch  inquiricB  for  a  reason  which 
baa  already  been  touched  upon,  namely,  that  the  living  cell  ia  in 
stnicture  a  complex  solution  containing  both  colIoidB  and  crystal- 
loida,  and  that  the  clicmicial  reactions  necurring  in  the  cell  arc 
leactiona  in  solution.  Accordingly,  although  the  whole  matter 
is  profoundly  affected  by  the  fact  that  the  cell  is  alive,  it  ia 
evident  Ihat  our  knowledge  of  cellular  activities  must  be  based  on 
knowledge  oi  the  properties  of  sofutions,  both  of  colloids  and 
crystalloids ;  of  reactions  in  solution,  the  velocity  cf  such  re- 
actions and  the  cooditiona  of  equilibrium;  of  the  mutual  effect  of 
ciyatalloids  and  colloida  upon  one  unother  when  in  common 
Bolution,  and  of  the  effects  of  the  Uving  cell  ss  a  peculiar  energy- 
transformer  upon  osmosis  and  dtffuHion, 


CHAPTER    II 

CHEMICAL  TKANSFORMATIONS  IS  LIVING  MATTER  AND  ITS 
PRODUCTS-CHEMICAL  EQUILIBRIUM  AND  REACTION- 
ENZYMES  AND  CELLS  AS  CATALYSTS  OR  ENERGY-TRANS- 
FORMERS 

The  supply  of  energy  neceasAiy  for  all  the  changes  observable  in 
living  stractures  arises  from  chemical  reactions  occurring  in  solu- 
tion. The  energy  exchanges  occurring  in  any  such  reaction  are 
initiated  and  controlled  by  the  cell  and  its  secretions,  or  the 
substances  present  in  the  cell,  acting  as  energy-transformers  in 
the  sense  indicated  in  the  preceding  chapter.  In  the  present 
chapter  it  is  proposed  to  consider  the  conditions  governing  reac- 
tions in  solution,  and  as  far  aa  possible  how  these  are  modified 
by  the  presence  of  the  peculiar  energy-transformers  found  in  the 
Uving  cell  itself  or  its  prodncta^ 

Let  us,  first  of  all,  take  a  general  survey  of  the  cycle  of  energy 
changes  which  occur  in  living  structures  as  matter  and  enei^ 
are  taken  up  from  the  inorganic  world,  sent  through  various 
changes  in  the  Lving  cell,  in  which  many  varied  forms  of  matter 
are  produced  and  different  types  of  energy  are  exhibited,  and 
finally  both  matter  and  eneigy  are  returned  in  other  forma  to  the 
inorganic  world.  The  matter  involved  in  these  changes  is  directly 
or  indirectly  taken  from  inorganic  sources,  and  the  energy  from 
the  light  energy  of  the  solar  rays;  for  whether  the  food  of  an 
animal  be  of  animal  or  vegetable  nature,  in  the  first  instance  it 
must  have  come  from  vegetable  sources.  In  the  green  parts  of 
plants,  the  chemical  energy  is  first  accumulated  in  matter  which 
afterwards  being  carried  to  other  parts  of  the  plant,  or  being  used 
AS  the  food  of  animals,  fumishcH  the  store  of  energy  used  in  carry- 
ing on  the  reactions  of  all  other  cells. 

In  the  process  of  building  up  of  organic  bodies  in  the  chloro- 
phyll-bearing cell  the  chlorophyll  acta  as  an  energy-transformer, 
that  is,  it  induces  an  interaction  between  forms  of  energy  (in  this 
case  light  ene^y  and  chemical  energy),  which  would  not  occur 
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in  itfl  abaerce,  or  could  only  occur  mcomparably  more  slowly.  In 
this  proceaa,  tKe  changoa  m  the  chlorophyll  ibaelf  are  so  inaignlg- 
cant,  in  corapariaon  with  the  amount  of  changes  in  light  energy 
and  clieraical  energy,  that  they  may  be  left  out  of  consideration, 
and  we  may  regard  the  diloropliyll  as  a  mechanism  for  r-airying 
on  the  energy  exchanges,  just  like  a  clipraical  catalyst  or  an  enzyme, 
although  the  types  of  energy  between  which  it  worka  are  different, 
OS  well  aa  the  limitations  of  its  actiou.  In  the  chemical  modifi- 
cations subeeqnent  to  the  action  of  the  chlorophyll,  the  various 
cells  may  be  similarly  regarded  as  catalysing  agents  differing 
Bomewhat  in  their  mi>de  of  action  upon  the  chemiral  materiala 
BUpplied  to  them,  and  in  the  products  formed,  but  agreeing  in 
that  they  cause  large  amountfl  of  interchange  between  chemical 
energy  and  other  f*>ruLe,  without  being  themaelvea  altered  por- 
mEmently,  or  proportionately  to  the  reactiona  which  they  induce. 
The  siiiiie  ia  true  of  this  enzymes  furniwl  by  the  aution  of  the  cella, 
wliich  induce  various  reactiona  either  within  the  c^,  or  after 
separation  from  thorn  in  the  aeeretlons. 

Hence  we  may  regard  the  proceasea  oeeurring  in  plants  and 
.liilumaU  as  energy  reat^tions  induced  by  the  cells  or  their  eniymes 
'acting  as  energy 'transfurmera- 

Excepting  in  the  green  cell  in  the  presence  of  aimlight^  the  net 
lesuJt  of  the  energy  interehnngefl  induced  by  the  cells  and  tbdr 
secretions  is  that  the  chemical  energy  produced  by  the  abaorption 
and  disappearance  of  the  light  energy  \i  used  up  and  converted 
intfl  other  forms,  such  as  lieat,  mechanical  energy,  oamotic  energy, 
electrical  energy*  Ac.  The  process  is  acconipained  bj  absorp- 
tion of  oxygen,  and  the  matter  passes  buck  ft^uin  into  inorganic 
forms  identical  with  or  closely  resembUng  thoae  with  which  the  pro- 
cess began,  and  containing  little  or  nn  more  energy  than  at  the 
start. 

In  the  intermediate  reactions  of  metabolism  the  proo^sa  is 
not,  however,  purely  one  of  oxidation;  the  cell^  on  account  of  its 
peculiar  prci>erties  as  an  energy -transfomier,  and  probably  by 
the  production  intermediately  of  ita  own  peculiar  type  of  energy, 
is  capable  of  inducing  synthetic  processus  In  whidi  chemical 
energy  ia  taken  up.  The  supply  of  energy  for  such  a  synthetic 
process  is  obtained  from  energy  given  cut  by  other  chemical  pro- 
cessea  nmning  concurrently  in  which  energy  is  set  free. 

It  is  in  this  reapect  tbat  the  more  complex  transformer  which 
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U  seen  id  the  cell  differs  from  the  Ampler  inorgEiiiic  catalysts 
and  tlie  enzymes  formed  by  cells.  A3  a  rule,  the  simpler 
enzymefl  are  only  capable  of  inducing  reactiona  in  which  no  aub- 
Btances  are  formed  with  larger  storage  of  chemical  energy.  But 
the  cell  is  able  from  a  supply  of  substance,  suob,  say,  as  soluble 
carbohydrate,  to  osidise  part  to  yield  energy,  and  utilise  thia 
energy  to  build  up  a  smaller  amount  of  a  substance,  such  as  a 
fat,  possessing  for  an  equal  weight  a  higher  amount  of  chemical 
energy. 

The  fluids  with  which  the  cells  are  bathed  and  which  permeate 
them  may  be  regarded  as  solutions  containing,  in  a  few  common 
forms  supplied  universally  to  all  the  cells,  ene^y  in  a  chemical 
form  which  is  utilised  by  the  cells  to  carry  on  their  reactions. 

Depending  upon  the  type  of  the  cell  and  the  enzymes  which  it 
contains,  varying  reactions  are  induced  in  this  common  medium, 
so  that  different  products  are  formed,  and  different  amounts  and 
types  of  energy  set  free. 

In  following  out  the  energy  exchanges  it  is  hence  necessary 
to  consider  the  properties  of  solutions,  such  as  the  velocity  of 
reaction  and  the  conditions  of  equilibrium  between  the  reacting 
substances  ;  the  forms  in  which  energy  is  present  and  the  amount 
of  change  in  energy  as  the  substances  react ;  and  how  the  presence 
of  catalysts  altera  the  energy  exchanges  in  the  solution. 

The  law  of  conservation  of  energy  teaches  that  the  total  amount 
of  ener^  must  remain  the  same,  and  hence  the  algebraic  sum  of 
the  amounts  of  energy  changing  from  one  form  to  another  must 
be  equal  to  zero. 

Since  we  posaeas  no  raeana  of  atating  the  absolute  amount  of 
ene^y  contained  by  a  system  in  any  of  the  varied  forms  in  which 
energy  manifests  itself,  we  can  only  estimate  the  chaftge  of  energy 
in  any  given  form  as  the  system  passes  from  one  condition  to 
another,  and  to  obtain  the  total  change  in  the  system  the  amount 
of  change  in  each  particular  form  of  ene^y  undergoing  change 
must  be  taken  into  account.  The  amount  of  change  in  each  form 
of  energy  is  obtained  from  the  product  of  the  capacity  factor  of 
the  system  for  any  particular  form  of  energy,  and  the  change  in 
the  potential  factor  of  that  form  of  energy. 

In  the  case  of  certain  forma  of  energy  the  capacity  and 
potential  factors  are  still  unknown  to  us,  and  the  amount 
of  energy  taken  up  or  given  out  in  these  forms  during  a  change 
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of  energy  from  one  given  forro  to  another  can  only  be  eatimated  by 
statement  of  corresponding  changes  in  other  fonus  of  energy  as  a 
result  of  the  reaction.  The  two  loruia  of  energy  in  wliicli  auct 
qhangea  of  energy  can  beat  be  espreaaed  are  heat  energy  and 
mechanical  work  or  dynamical  energy,  and  it  is  for  thia  reason  that 
energy  exchangea  ar©  considered  upon  a  I  he  rmo -dynamical  baaia* 

Energy  P(io!  lib  Hum  or  reaction  \a  d*'tern:jined  by  the  vahiea  at  any 
given  time  of  the  potential  factors  of  the  various  forms  of  energy, 
by  the  facihtiea  presented  in  the  system  for  potential  equaUsation, 
a&d  by  the  manner  in  which  energy  is  bound  or  related  to  par- 
ticmlar  forma  of  matter  in  the  ayatem.  In  go  far  as  any  particular 
form  of  energy  is  free  to  distribute  itself  throughout  the  ayatcro 
that  particular  form  of  energy  tends  to  equahae  its  potential  all 
through  the  ayatem,  and  hence  the  energy  always  paaaes  from  a 
point  of  higher  to  a  point  of  lower  potential  Thus  in  any  aystem 
where  reiifltribution  is  poBsiblc  heat  always  paasee  from  a  position 
of  higher  to  one  of  lower  temperature*  Blectricity  from  a  higher 
to  a  lower  electrical  potential,  a  fluid  or  gaa  from  a  higher  to  a 
lower  level  of  preaaure^  and  so  on  for  every  form  of  energy.  In 
any  auch  change  the  velocity  of  equalisation  is  directly  proportional 
to  the  difference  in  potentialf  and  inversely  proportional  to  what 
ia  termed  the  Testjitance.  The  reaiatance,  however,  means  oidy  that 
the  equalisation  ia  opposed  by  the  potential  factor  of  some  other 
fornt  of  energy^  and  that  tliJR  oppiwilion  haa  to  he  overcome  in 
efTectiog  the  equal iaatioti.  If  the  potential  factor  of  this  opposing 
energy  ia  aufficiently  high  the  equalisation  may  be  entirely  stopped, 
or  its  speed  only  may  be  lessened  ao  that  the  equalisatdon  takes 
longer  and  proceeds  with  diminiahed  intensity. 

It  lA  inipos^sible  for  equaliaation  of  potential,  or  change 
towards  equalieatloo  of  potential,  of  any  form  of  energy  to  take 
place  without  conversion  of  a  portion  of  the  energy  ao  changing 
potential  into  other  forma,  and  all  physical  measuroments  of 
change  tn  potential  are  baaed  upon  changes  of  the  energy  into 
other  forma. 

In  any  condition  of  equilibrium  of  a  system  there  is  a  balance 
between  the  intenaity  facfcora  of  the  various  forms  of  energy 
capable  "E  interacting  with  one  another,  and  that  balance  ia  de- 
pendent upou  the  facihtiea  provided  in  the  system  for  interaction 
between  the  varioua  forma  of  energy.  Further,  in  the  absence  of 
equilibrium  the  velocity  or  intensity  of  reaction  is  dependent  oa 
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the  aame  factors,  namely,  the  values  of  the  potential  factors  and 
the  facilities  fot  interaction. 

Hepce  the  state  of  equilibrium  or  reaction  may  be  disturbed 
by  addition  or  removal  of  energy  so  as  to  disturb  the  potential 
factors,  or  by  alterations  which  change  the  ease  of  passage  from 
one  form  to  another. 

It  is  the  variation  in  the  potential  factor  or  intensity  factor 
which  appeals  to  our  sense  organs^  and  determines  the  results  of 
all  physiological  stimulation^  and  it  is  for  this  reason  that  the 
potential  factor  and  methods  for  measuring  variations  in  it^  were 
known  to  mankind  long  before  the  recognition  of  corresponding 
quantities  oC  energy. 


ChEUICAL  ENETtaY  AND  CHEMICAL  EQUILIBRIUM  ' 

The  energy  changes  which  interest  us  most  in  connection  with 
the  biological  chemistry  oE  the  cell  are  those  in  which  chemical 
energy  plays  a  part,  and  accordingly  we  pass  on  to  the  energy 
conditions  tn  a  solution.  In  order  to  simplify  the  matter  we  shall 
assume  at  first  that  there  Js  no  catalyst  present,  and  investigate 
the  equations  governing  energy  changes  in  solution  under  different 
conations  in  which  energy  interchanges  are  possible  between  the 
various  forms  of  energy  which  can  react  in  the  solution.  That 
is,  we  shall  leave  out  of  consideration  at  present  the  mechanisms 
by  which  the  energy  changes  are  brought  about,  which  can  alter 
the  velocities  with  which  the  changes  occur,  or  which,  by  bringing 
into  play  other  forms  of  energy,  can  alter  the  conditions  of  reaction 
and  the  equilibrium  point. 

The  three  fonus  of  energy  which  normally  undergo  alteration 
in  value  when  a  chemical  reaction  occurs  in  solution^  are  the 
chemical  ene^y,  the  heat  energy,  and  the  osmotic  energy.  The 
law  of  conservation  of  energy  teaches  that  the  algebraic  sum  of 
the  three  alterations  must  be  zero.     Or,  if  C  represent  chemical 

1  Such,  for  eiample,  as  the  tbermometer  itx  oonaectiOQ  with  hfot  energy,  tha 
bjouometer  in  connection  with  volume  enei^y. 

'  The  student  who  is  BUfamiilJir  wHh  the  matheuintlcal  method  followed  in 
the  ■ubBcqnent  pages  can  omit  the  pTOoE  given  therein,  and  confine  himeelf  (o 
the  eiperimentbl  and  more  practical  part  of  ihie  snbject.— {£di(or'i  AW,) 

'  Or,  in  gaMOQB  form,  the  invefltigatLon  1b  the  same  For  both  condttJODS  of 
matter. 
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energy,^  H  heat  energy,*  and  V  volunie  energy,  for  the  chnn^ 
of  any  £xcd  quantity  of  loatter  from  one  ehemical  form  to  the 
other,  we  have  : — 

C+H  +  V=0. 

If  attention  be  paid  to  change  of  flign  any  ol  thcac  three 
quantitica  may  be  changed  from  one  side  of  the  equ&lioi:i  to  tho 
other- 

Hence  if  C  repreuent  chemi^ial  energy  dUappeariug  and  givein 
out  in  thfi  other  two  fonns  we  have  : — 


C-H*V. 


Let  ua  tako  it  that  a  ^rm.  mobciiie  of  the  fiubatanco  cbangea 
chemical  form,  and  that  the  vohxme  of  the  Boiution  in  which,  such 
a  change  occult  i^  ho  \h,Tge.  that  no  appreciable  change  takes  place 
ill  the  oBinotic  pressures  r>f  the  lw:»  siihsturctja  in  solution. 

Then  in  the  above  equation  C  is  the  change  in  cheiuical  energy 
B ceo inp allying  a  change  in  chcmiDnl  conatitLition  from  the  fiist 
form  ( A)  on  one  side  of  the  chemical  equation  to  the  other  form  (B) 
on  the  other  side  of  the  chemical  equation.  Ab  C  ia  dependent 
only  on  the  change  in  chemical  c*inatitution  it  ia  a  constant,  the 
value  of  which  is  determined  by  the  auni  of  the  values  of  (1)  the 
heat  (H)  for  the  change  of  a  grm,  molecule  at  given  concentrations 
(F^  and  P^^)  in  solution  of  A  into  B^  the  two  substances  on  the  tvo 
sides  of  the  chemical  equation,  [2)  the  change  in  volume  energy 
due  to  the  conversion  of  a  grm.  molecule  of  A  at  preasure  P  into 
a  grm.  molecule  of  D  at  preaaure  P^, 

The  heat  energy  produced  hy  the  change  of  a  grm.  molecule 
when  the  aubatanoe  A  has  a  prcsaurc  Pj  and  the  eubatanoe  B  a 
pressure  P^  ia  a  variable  quantity  depeniJent  upon  the  values  of  P, 
and  Pj. 

The  value  of  V,  the  change  in  volume  energy  for  the  change 
of  a  grmn  molecule  of  A  at  osmotic  pressure  P^  into  B  at  pressure 
P,j,  is  aleo  a  variable. 

Whoa  as  the  rosuit  of  a  reaction  a  grm.  moEceulc  of  a  sub- 
f^tance  conies  into  solution  at  a  defuiite  preaaure,  a  certain  £jced 

'  Thia  doeenDt  nioarihmt  of  roai?[ion,  but  tbc  total  arnoMiit  of  cbomical  DbiiT^ 
set  tia.'  or  atMOfbtd  -wljrn  a  pi*en  niriifuat  of  Bobfitaace  chon^fa  fortii. 

^  Tilt  valui:  or  H  in  riul  tbu  heat  of  reaoticn  Id  the  u^ual  tieoin  uC  iha  termt  bifb 
the  Binoum  oi  Jieut  onerg^y  due  Ui  the  ohnoigfl  uC  tlie  d;ieil  quiuiUiy  At  tbede^allo 
o»[Uu11q  pressurec  obbalDing  at  a  given  iaHlBOti  or  Hiage  in  tha  rfBcUim. 
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amount  of  volume  energy  appears  dependent  upon  tKe  pressure, 
and  as  a  result  the  heat  produced  will  be  less  by  this  amount ;  and 
aimilarly  when  a  grm.  molecule  diaappeara  at  another  difierent 
pressurej  a  definite  amount  of  volume  enei^  dlaappears,  and  by 
this  amount  the  heat  of  reaction  will  increase.  AccordiEigly  the 
difference  in  these  two  amounts  will  espreas  V,  the  change  in 
volume  energy  in  the  reaction. 

The  difference  in  volume  energy  hefore  and  after  the  reaction 
cannot  be  obtained  by  taking  the  differeucea  in  the  total  osmotic 
preasurea  before  and  after  the  reaction,  because  the  quantity  of 
substance  appeariiig  is  not  brought  during  the  change  from  the 
one  of  these  pressures  to  the  other,  but  from  the  zero  of  pressure 
to  the  pressure  at  which  it  is  finally  found  in  the  reaction,  that 
is,  to  the  partial  pressure  of  the  component  substance  to  which 
it  belongs ;  and  similarly  the  grm.  molecule  of  substance 
disappearing  passes  from  the 
partial  pressure  at  which  that 
subatance  happens  to  be  present 
in  solution  to  zero  pressure. 
Hence  the  amount  of  volume 
energy  must  be  obtained  sepa- 
rately for  each  a  ubatance  taking 
part  in  the  reaction. 


^^yMmmm^ 


V 


mjmyM'm?Mm!mmM>jm!: 


J 


This  amount  of  energy  ra&y 
he  obtained  as  follows: — Sup- 
pose a  definite  amount  of  a  sub- 
Btanco  to  be  in  solution  in  a 
semi -permeable  cylinder  fitted 
with  a  semi-permeable  piston, 
as  sketched  in  the  diAgram,  and 
surrounded  by  solvent-  Then 
if  the  pressure  ou  tha  piston  be 
changed,  just  as  in  the  case  of  a 
gas,  the  solution  will  correspond- 
ingly change  in  volume-  The  work  done  by  the  dissolved  substance  or 
Mlate  is  PrfV,  where  P  is  the  pressure  and  dV  the  small  change  in 
the  volume.     Or,  using  the  gas  law  PV  ■=  RT»  we  have  on  differentia- 

RT  rfP 

tioQpinr=  -VrfP^and  again  since  V  =----,  P<rV  =  RT  On  ioteg- 

rating  this  yields  for  the  woi^k  done  hy  the  gas  in  expanding  ifiotber- 


FlO.  i. — Work  donG  in  Conipresaion  of  a 
SaJutioD  Id  a  3etDL- permeable  CyUndflr 
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mally  from  prassure   Pj   to  preasure   P^  the  WHll-kuown   expreftsion 

Tills  ftraouut  ijf  work  maj  l^e  exjirusae'l  us  lient  etiergv  Lj-  giving  fclie 
proper  vjlUio  to  the  pousULnt  RT,  wLirb  fui-  u  prm.  moleoulo  of  a  Tiiib- 
sLiuGt]  wliicli  nbrty^  Uio  f^^iLa  liLw  wui  ka  out  to  5  8  K  ciUoE-ieH '  at  0*  Oh 

From  thifl  exproflsioii  tlio  amount  of  euergj  required  to  tmnsfona 
&  hulLtt^ fi-om  UiH  miLiLoiuiEi  or  ^ero  pL'«f.?^iire  (P^)  to  aD^^  given  pres^^uie 
(P),  or  vice  ver»dj  mfty  he  eApree^ed  aa  heat  energy,  tho  expfe^oQ 

being,  tRTlogp-. 

appeal'  fU  a  consffucitirti,  (lie  rlitiwfe  in  rtrfiuii^  ermiyf/  t>  fh*'  nifjehj-aic  «t»i 
iif  the  ^han'j'Sd  trt  t-olittn^  ^t^>'ifif  <'f  ^'"^  kind  of  rtwhi^k  rfo  appettrin^  or 
iti/ajipeitn'juj.      JJTi^ii  r<  ijf^ni.  timfundf  of  a  s^tfintuncif  apptara  in  nu^ution 

P 
tit  fhepn^vture  Pihe  t^urnf  enerff^  incrf^afie»  by  RTIo^/  -^,  and  ctmi'tsraely 

fiihea  a  jmj,  laolocuh  nf  a  ^uJi^ftt"'^^  fHaafpean/ivm  ntUUhn  the  tHstvme 
ett^rff^  fUereas&t  by  a  l^s  amount. 

Thia  may  now  be  applied  to  tlie  energy  changes  taking  place 
in  dii!erent  types  of  reaction. 

1.  Tho  simplest  case  is  that  in  which  a  gnu.  molecule  oC 
a  substance  A  is  formed  and  ^  grni^  mcleculc  of  aubst&nce  B 
diaappeara,  aa,  for  esanipb.  whea  a  aubstance  changes  into 
an  isomcic  bndy,  ac;'ordiQg  to  the  enuatiun/ 

A  r  B- 

To  simplify  m'LtierH,  we  ehnll  assume  timt  the  vcilumo  of  solubion 
ia  no  larj^H  ihut  a.  gnu,  mulecLjla  of  A  can  chaiiga  into  B  without 
o^UsLn^'  ^oy  apprt'ciubJe  Uifferenoaa  in  P^  the  presaurc  of  A  or  Pn  the 
pressurB  of  B. 

Tbo  <li:3appi3(krtkDC4f  oF  A  causes  a  dimiaution  of  volutna  nitergy 
"  p 

by  KT  log  «*,  and  tba  appearance  of  B  an  incveaae  of  volume 
p 
energy  given  by  RT  lo^'  p^.     Tbotoforo  the  net  increase  in  volume 

/        P  P  \  "P 

energy  is  RT^log  p"  -  Iqj  p*L  whii^biaRTlog  p^     At'corJingly  we 

have  the  cqurvtion 


>  Thfl  R  (caioryj  la  the  atDnunt  of  hut  ooMBearj  lo  nias  one  gmu  o!  wa»*r 
from  0°  to  IdO"  C,  [ii]fl  is  approKiroiitolT  oquul  to  100  grm.  calories. 

■  Tho  d'julJo  arrow  in  a  cheioiool  equation  in  nat-.d,  inaleid  uf  the  sign  vl 
eqimtity,  to  aij^nitj  thai  tho  naotion  mnj  procctii]  in  eitber  direction. 
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G  =  H  +  V 


-.  C-H+RTlog^ 

;,H  =  C^RTIog^ 


A 

In  this  equation  P^  ia  the  osmotic  pressure  &t  which  B  appears, 
and  P^  the  osmotic  pressure  at  which  A  disappears.  The  value  of  0 
U  constant,  being  the  chemical  energy  net  free  hy  the  passage  of  a 
grm.  molecule  from  the  form  A  into  the  form  B,  and  the  variable 
value  H  expresses  the  heat  energy  set  free  by  the  reaction  when  a 
grm.  molecule  changes  form  at  those  particular  pressures. 

If  we  begin  at  the  point  where  nearly  all  the  substance  is  present 

iD  the  form  A^   then  Fg  ha^  a  very  low  value,  and  consequently 

p 
^^  p^  ****  *  large  negative  value,   and   this   being  prefixed   by  a 

negative  sigDf  it  follows  that  the  heat  of  reaction^  at  this  stage  has 

a  large  positive  value.     Aa  the  reaction  proceeds  Pa  continuously 

p 
Jocreases  and  log  ^  decreases  in  negative  value,  accorditigly  the  heat 

*^^A 

of  reaction  diminishes.      As  F^  still   Increases  and  P^  diminishes, 

p 
\Qg     B  f;^Q0m^  positive  in  sign  and  progressively  increases  in  value,  the 

*  A 

p 

heat  of  reaction  accordingly  still  diminishes  until  when  RT  log  i^^  =<  G, 

*^A 

it  becomes  zero.  Up  to  this  point  the  reaction  has  been  exothermic, 
that  is  to  say,  giving  out  heat;  but  fi^m  thi^  point  on  it  absorbs  heat, 
the  sign  of  H  becomitjg  negative,  and  the  reaction  is  said  to  be 
endothermic. 

If   we  take  the  reaction  as   running  from   B   into  A  the   same 

sequence  of  events  in  the  reverse  order  occurs.     Here  C  is  negative, 

p  p 

and  RT  log  ^  becomes  RT  log  ^,  so  that  the  equation  runs 

H=-C-RTlog|-'. 


Pb 


Starting  with  nearly  all  the  substauce  in  the  form  B,  P^  is  very 
p 
small,   ET  log   ^r   haa  hence  a  large  negative  value.     Accordingly 

P 

-C-RTlog^  has  a  pojiitive  value,  and  the  reaction  runs  exother- 

P  F 

mically  until  RT  log  0^  =  -  C,  or  RT  log  ^  =  C,  when  the  heat  of 

J^B  ^A 


'  That  19,  the  energj  set  free  in  the  reactbn,  which  need  net  Dccessarily  alJ  be 
Bet  free  as  beat  energy ;  it  ia  merely  for  aimplicitj  that  eneigy  sat  free  in  the 
reaclioa  is  spoken  ot  iu  (be  t«it  aa  beat  of  reactioD. 
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roiictian  ia  zeio,  and  from  bbis  on  t-ba  rDaotion  ie  cmlothermic-     It  ie 
bencc  evident  that  tbe  peactpTon  niiw  uxutlitrmicttUy  from  laUier  end 

down  to  the  aams  point,  wbei's  C  =  RT  Ing  ™",  nnd  iLt-  this  point  wbae 

H-  0,  energy  ia  iieilbei-  given  up  to  nor  taken  up  from  tbe  aurround- 
itigB.     This  point  is  aceonlingly  the  equilibjium  point  of  tbe  peact-icn, 

P 
Tbe  equation  for  equilibrium  ia  nccordingJy  RT  log  p"  =  C  =  confit* 

If  Lbn  chi'mii'ii]  HiiPrgy  involvml  iu  (jlie  pii&sJLge  fiom  the  Form  A 

to  tliB  form  U,   or  riic  in-tfi,  is  so  t^raaW    an   to    be   negligiblo^  fls  in 

asiially  the  cuao  in  tbe  pnasago  of  a  snbstnnae  from  one  isomerio  fiftm 

p  p 

to  another,  we  can  write  RT  log  ^=C!  =  0,  and  hence  ht^  „   =0, 

p 

rj  K  1,  or  Vjf  =  F^.     That  is,   mider  such  conditions  equilibrium  is 

atUiiucd  when  tliu  oamutic  presburejt^  and  bence  tbe  moleaulor  conceii- 
trationa  in  fiolution,  oro  equal. 

If  we  write  j'x  ^^^^  Pt  ^*^^  ^^^  osmotic  presjtnreA  of  tbe  two  sufa- 
BtnnceH  at  the  equilibrium  point,  ami  P^  and  Fr  as  before  for  tbo 
conespomling  pressnrfis  at  uny  piven  pi-iiit  m  iht*  reaction,  niiotber 
foim  can  be  given  to  tlie  fundaueuttil  eijuation  for  Ibe  he^b  of 
reaction  at  any  given  point  in  the  rt-action. 


For  now  C  =  RT  log  -,  ond  hence  on  subHtitfuting  tbia  T^lue  we 

obtain 

H  =  RT('bgJ>-W^»YQrH  =  RTlog 
V       Pa  ^iJ 


Pa 


Pr,' 


2.  Let  ufl  take  next  the  caaea  where  two  aubatauces  A  and  B 
interact  to  form  reveraibly  two  otlier  substances  C  and  D,  &nd 
let  P,  with  the  appropriate  euflix  of  the  letter  denoting  the  sub- 
stance,  represent  the  osmotic  preBSuro  of  each  aubstanoo. 

Then  since  A  uud  B  dL^p^eur  from  aolatioti  and  diminish  tho 
Tolumti  eni^rgy  or  onmotic  prvadure  enei-^'y,  aud  C  nnd  D  nppear  and 
inoteaae  the  of^motic  prsHsure  etiergy,  tbe  equation  beeomee 

H  =  0  -  RT  (log  ?-^  +  hg  p^'  -  bg  p^  -  log  py 


ur 


II 


U-RTIog|^^ 


p        {"I        P  c 

'  This  cqufltioa  muy  aUu  1«  wtilten  log    i!  =  i7M4  or  fZ^=i  TiT' 

r    Ki        r 
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The  reoctioD,  as  before,  can  be  ahowD  to  run  eiothermolly  from 

P      P 
eitlier  end  until  C  »  RT  log  ■n—'-n'^i  &t  which  point  energy  is  neither 

given  to  nor  taken  up  from  the  surroundingSt  hence  at  this  point  there 

P      P 

is  equilibrium,  and  the  equatiou  of  equilibrium  is  RT  log  d-^-tj- = 

C  =  const.' 

At  any  other  point  in  the  reaction  the  heat  of  reaction  for  a  grm. 
molecule  changing  form  at  the  given  pressures  is  given  by  tlie 
equation 

or 

If  at  the  beginning  of  the  reaction  A  and  B  are  present  in  equal 

molecular  concentrations,  then  since  an  equal  number  of  molecules  of 

each  always  disappear  in  the  reaction,  and  an  equal  number  of  C  and 

D  appear  as  the  result,  at  every  stage  P^  =  Pb  and  Pc  =  Pj>-     Hence 

pa  p 

the  equation  of  equilibrium  simplifies  to  C  =  ItT  log  p^  =  2RTlogn-*, 


Pa 


and   that   for   the    heat    of   reaction    to    H-C-2RT  log   p^,   or 


H  =  2RT ^ 


3.  Take  next  a  type  of  reaction  which  is  one  of  the  cora- 
moneBt,  aod  that  which  is  almost  universally  met  in  the  prob- 
lems of  biological  chemistry,  namely,  the  type  in  which  a  single 
compound  on  one  side  of  the  equation  breaka  up  into  two  or 
more  on  the  other  side,  or  a  reaction  in  which,  although  two 
Bubstancefl  react  on  each  side  of  the  equation,  one  of  them  is 


Pi:^P_o_„KT 


C 
1  A»  before,  thiB  equation  may  be  pnt  in  the  form  ^'"-^^^f      ,  which  if 

P  ^ 

Pi=P*,  »nd  Pc-Pd,  may  be  further  simplified  to  ^  =  e^^'^. 
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identical  with  the  solvent,  ao  that  it  causea  do  change  in  volume 
energy  when  it  appears  or  disappears  in  the  reaction.  Such  a 
reaction  occurring  in  aqueous  solution,  for  example^  as 

(Maltose)  (iferfroae)  (Deitrose) 

Using  the  flame  notation  as  before,  let  P^  he  the  osmotic  presaure 
at  anj  stage  in  the  reaction  of  the  single  substance  which  utiilergoes 
change  in  osmotic  pressure  on  the  left-hand  side  of  the  equation,  and 
Pb  the  osmetic  pressure  of  either  of  the  two  substances  produced  on 
the  right-hand  side,  for  these  being  produced  in  equimolecular  pro- 
portion, their  osmotic  pressures  at  an;  given  stage  in  the  reaction 
will  be  equal  in  value. ^ 

Here,  as  a  result  of  the  reaction,  a  grm.  molecule  of  A  disappears, 

p 
lowering  the  volume  energy  by  RT  log  ^,  and  a  grm.  molecule  of 

each  of  the  two  substances  formed  Appean<  at  a  pressure  Pg,  raising 

P  P 

the  v(Jume  energy  in  each  case  by  RT  log  ^,  or  in  all  by  2  RT  log  ^■ 

Accordingly  our  equation  becomes 


H  =  C-RT(2  1ogp''-logp'), 


or 

H  =  C-ETbgp^ 


As  before,  the  rea.ction  runs  erothermically  from  either  end  until 
pa 
RTiog^ — V  =C,  at  which  point  there  is  equilibrium.' 


^  If  uDequa]  quantltiea  of  the  two  Bubatances  formed  on  the  [ight-hand  «]de 
are  present  at  the  begicnir^g  aloog  with  the  aingle  Aubelance,  or  a  certain 
amount  o£  one  of  them^  then  the  oBmotic  pressures  of  thcae  two  (B  and  C)  will 
not  be  equal ;  but  if  they  are  represented  by  the  pressures  P,  and  P^,  the  only 
diifeience  is  that  we  will  have  I'b  .  Pp  in  the  final  equation  instead  of  P,',  so  that 

P      P 

the  equation  becomes: — H  =  C  — RTlog  p'  '  ^,  which  for  equilibrium  leads  to 

I         Pa  ■  Pc         C  Pb  ,  Fp  jtrp 

''«p..p„=ia"''^p.,  p„='    ■ 

^  As  before,  the  equilibrinm  equation  can  accordingly  be  written 
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For  the  heat  of  reaction  at  any  other  poiut  we  have 

H  =  C-ETlogp^"p-, 


A-  *0 

or  using  the  same  notation  na  in  the  other  cntieH, 

H-  RT  Aog  -^-'^-  -log  J^V\ 
or 

H  =  RTlog    ^'*     '%i^- 

But  the  zero  pressure  Pq  and  ^^  is  always  the  aame,  hence 

4.  The  moat  general  form  of  the  equatioQ  is  where  a  number 
of  substances,  A,  Bj  C,  &c^,  react  with  one  another  to  form  a 
Dumber  of  other  substances,  A',  B',  C,  ic,  and  where  the  number 
of  molecules  of  each  substancefl  entering  into  reaction  varies. 

Let  the  chemical  equation  be  represented  by 

11A  +  &B  +  CO  +  &C.  2a"A+-6'B'  +  c'C+&c., 

in  which  the  axnall  lettera  represent  the  numberH  of  molecules  of  each 
aubf^tance  respectively  entering  into  reaction.  Then  the  expression 
for  the  change  in  volume  energy  becomes 

RT  L'  log  ^  +  6'  log  p»'  +  ='  log  ^^  +  &c,  -  («  log  p-*  +  h  log  ^^ 

+  f  logp-^  +  &c.)l 

This  expression  can  be  written 

DT  l™-  ^*'  ■  PJf  ■  P^  ■  Ac  [^-ft+f+*t-Jfl'+6'-W+lr.] 

"^  ^**B  po      -p*      pc      ""    ■  ^-0 

For  equilibrium,  as  before,  this  expression  is  equal  to  C,  tlie  enerffy 
evolved  when  a  grm.  molecule  of  each  substance  changes  from  the 
left-band  side  of  the  equation  to  the  right,  and  hence 

RT  log  pTTps-Tp;-^.  ■  Po  -^. 

or 

pp'      pfr      p^      It-i.  [n+&''K'+4c.-(i+ft+f+*f.  ,^ 
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Now  the  t'ight-biind  aide  is  a  i^onALBnt^  so  th^  general  equAtion  of 
pfliallibiiunL  becomes 


—  conatiLiLt. 


Tbo  reeultA  whicli  gad  be  derived  from  th«  tyyea  of  reaction  that 
we  }i/Lve  winsidei'etl  may  now  be  disoua'ivd,  Wiitmg  K  for  the 
oonsliint,  wc  Love  tLe  folltiwiiig  reaults: — 

1.  Wbere  a  single  substauce  A  undergoes  molecular  rearrangu- 
ment  to  form  a  siugltj  subBtaiice  B  : — 


=  ii 


=  K,orPB=KP^. 


If  t'he  chemical  energy  of  transference  from  aubfitaikce  A  to  sob- 
stance  R  is  zero,  the  constant  becomos  unity  and  the  equation 
ia  Pp  =  Pj^.  Tills  condition  is  probably  attained  with  stereo- isomers, 
and  hence  when  the  two  isomera  are  formed  in  any  reaction  they 
are  tamed  out  in  the  condition  ot  equilibrium,  that  h.  in  equal 
qiiaFititiee,  and  we  ^»ot,  as  in  the  case  of  the  fiyntbotically  prepared 
sugars,  the  indifferent  compound  consisting  of  an  equimolecular 
mixture  of  the  two  isonieric  bodiea. 

11.  Where    two  aubstanuea,   A   and   B.    interact    to   form   two 
others,  C  and  D  : — 


Pf-_Pi,^<^^ 


=  K,oi'P,,  .Pt,  =  KP,  .IV 


that  ia,  the  produet  of  the  osmotic  presaures  of  the  cue  pair  of 
Bubatancea  is  proportional  to  the  pr<iduct  of  the  osmotic  pressuraa 
n£  th<i  other  pair  of  subatariues. 

If  the  substances  A  and  B  at  the  coinmencemenb  are  in  equi- 
molecular  concentration,  then  P^  =  P|i,  and  since  the  aubstancea 
C  and  D  arc  than  also  (onned  in  equimclecular  concentration 
alao  P^-  =  Pp.  and  hence  the  equation  for  equilibrium  can  obviously 
be  simplified  to  Pic  ur  01=  ^  -  ^w  nr  nr  That  is,  the  osmotic 
pressnre  of  the  siibaUiicea  fonned  always  bear  the  nafue  ratio  to 
the  osmetic  prcMure  of  the  substances  froni  which  they  are  formed 
when  the  equihbrium  point  is  rea<?heid. 

It  follows  that  fiTir  reactions  of  the  type  I>,  and  for  those  of 
II.  when  the  subatances  are  present  in  the  proper  equimolecular 
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proportions  for  combining,  that  the  equilibrium  point  is  not 
affected  by  the  concentration  of  the  eolution.  That  is,  whether 
the  reaction  occurs  iit  very  dilute  or  in  concentrated  solution 
(within  the  hmits  at  which  the  gas  lawa  hold  for  osmotic  pressures}, 
the  same  proportion  of  A  is  turned  into  B  in  type  I.,  and  of 
A  and  B  into  C  and  D  in  type  II.  This  is  obvious,  for  if  P^  =  K  Fc, 
then  if  F^  is  doubled,  ao  must  P^  be  in  order  that  the  equation  may 
still  hold,  or,  in  other  words,  no  matter  what  is  the  original  con- 
centration  of  the  reacting  substances,  the  same  percentage  is 
always  turned  into  the  substances  formed  before  equihbrium  is 
reached- 

The  law  that  the  equilibrium  point  is  filed  where  the  reaction  is  of 
the  types  I,  or  II.,  and  is  independent  of  the  coneentration^  baa  been 
proved  experimentally  for  the  reaction  between  gaseous  hydrogen  and 
bromine  vapour.  Herea  molecule  of  hydrogen  and  a  molecule  of  bromine 
unite  to  form  two  molecules  of  hydrogen  bromide,  and  there  is  no 
change  in  number  of  reacting  molecules  ;  thus  H^  +  Br^  <=  HBr  +  HBr, 
accordingly  we  have  Fj|f_  „  ^rr  ~ -^  -  ^uBif  ^^^  ^^  matter  bow  the 
pressure  of  hydrogen,  bromine,  and  gaseous  hydrobromic  acid  are 
altered,  the  percentage  of  the  three  reacting  constituents  ought  to 
have  the  same  ratio ;  that  is,  there  ought  always  to  be  the  same  per- 
centage of  bromine  vapour  converted  into  hydrobromic  acLd.  This  is 
found  to  hold  expen mentally ;  within  fairly  wide  limits,  no  matter 
how  the  pressure  is  varied,  the  percentage  of  conversion  remains 
the  same^ 

III.  Where  a  single  compound  spUta  up  into  two  compounds, 
or  vice  versd  when  the  reaction  is  proceeding  in  the  opposite  direc- 
tion. Under  this  class  are  also  included  those  reactions  in  which, 
although  there  are  two  substances  on  each  aide  of  the  reaction, 
one  by  passing  out  of  solution  or  by  blending  with  the  solvent 
with  which  it  happens  to  be  identical,  develops  no  change  in 
osmotic  pressure,  and  hence  there  is  no  work  done  on  or  by  it, 
and  it  does  not  come  into  the  reaction.  Such  a  reaction  would 
be  included,  for  example,  as  a  disacchartde  sphtting  into  its  con- 
stituent hexoses  or  vice  versdj  although  the  molecule  of  water 
added  to  or  taken  away  from  the  disaccharides  in  the  reaction 
makes  the  number  of  molecules  apparently  equal  on  the  two  sides 
of  the  equation.  The  molecule  of  water  in  the  reaction,  however, 
cornea  from  or  is  returned  to  the  great  mass  of  water  forming  the 
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solvent  for  the  disacch&ride  tnolecole,  ftad  hence  lias  no  osmotic 
presauro  before,  during,  or  after  the  reaction.  Accordingly,  it 
doea  not  come  into  the  equilibrium  equation,  for  no  cliange  of 
oarnotic  energy  takea  place  in  connection  with  it,  and  hence  such 
re.»(!tion  ia  practically  one  in  which  one  molecul«  forms  two  or 
viof  versd. 

Nearly  aU  the  reactions  o£  digestion  and  metaboUam  nlao 
belong  to  this  typo  of  reaction,  with  the  alight  modifieation  that 
the  number  of  aimpter  molecules  formed  is  often  throe  or  more 
instead  of  two,  and  all  tbe  conchisiona  deduced  for  the  simpler 
sphttiTig  into  two  moleculca,  or  vice  vtrMt  can  hv  applied  to  such 
reactions  ^ith  but  slight  modification.  For  esiample,  the  hydro- 
lyses  o{  neutinl  fats  or  triglycerides  into  fatty  acids  and  of  starchee 
into  sugars  belong  to  this  category,^ 

When  a  disaccharide  ia  hydrolysed  [for  example,  maltose  into 
two  molecules  of  dextrose),  as  in  the  equation 


the  equation  of  equilibrivim  is,  as  deduced  above,  ^ 


0^ 


whnre    Pp    is    the    osmotic    pressure    of    the 
brium.    and  P 

^"  =  K,  or  P^  =  K  P 


hexose    at   equili- 
be   written 


^  that  of   the  disaccharide,  this   may 

Expressed  in  words,  there  is  a  constant 


ratio  between  the  osmotic  pressure  of  the  disaccharide  and  the 
square  of  the  osmotic  preesare  of  the  hexoso.  As  a  result,  the 
point  of  equilibrium  ia  not  fixed  and  independent  of  the  concentra- 
tion of  the  reacting  substances  as  in  the  types  of  reaction  pre- 
viously dificussed,  but  varies  with  the  initial  concpntration  of  the 
solution,  in  aucli  a  way,  that  in  dilute  solutions,  the  equihbriuni 
hea  where  the  whole  of  tbe  djaaccharide  ia  diaaociated  into  its 
constituent  hexoacs,  while  as  the  solution  becomes  more  coU' 
centrated,  the  equilibrium  point  lies  more  and  more  towards  com- 
plete conversion  into  disaccharide.  This  is  obvious,  for  if  tbe 
concentration  of  disaucbaridc  m  the  solution  be  doubled  so  that  F^ 
becomes  SP^.  then  P^  only  faecomee  ^2  .V^,  that  is,  witbinoreas- 


1   VidcitihA. 
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ing  ooncentration  P^  inGreases  in  a.  less  r&tio  than  does  P^  ; 
conversely  on  diiulior,  P3  decrei^a  in  a  less  ratio  than  P^,  and 
bence  in  dilute  solutions  Pp  increasea  reJativply  to  P^.^ 

Ill  the  case  of  a  neutral  Eat  or  triglyceridH  hydrolysing  in 
•olntionn"  three  moleculea  of  fatty  acid  and  one  of  glycerine  are 
formed  EroTn  each  molecule  oE  the  fat,  and  the  equation  of  cqui- 
Ubrium  beeomea  pH*=K.Pft-  Accordinf^Iy.  the  efiect  of  con- 
centration becomes  still  mr>re  acrentuated,  and  the  tendency  is 
still  greater  to  form  the  fat  Jn  con<^KUtrated  solution,  and  thti 
fatty  acid  and  glycerine  Id  dilute  solution,  Similar  results  follow 
in  the  formation,  or  vice  vcrifd,  of  the  atarohea  and  proteida  from 
their  component  aimpier  molecidoa. 

It  follows  from  the  above  considerations  that  in  order  that 
hydrolysis  may  proceed  under  the  most  favoiu'able  conditions, 
aa  ill  digeatittn,  that  the  reaction  aliould  pra<:eed  in  dilatfi  solution, 
while  in  order  that  recombination  may  occur,  as  in  storage  in 
the  cell,  the  proceea  should  take  place  in  eoncentrated  solution. 
Further,  that  any  drop  in  concentration  oi  a  substance  in  solu- 
tion in  the  cell  will  tend  to  produce  again  hydrolysis  and  re-eolution 
of  the  atored-up  substance.  In  fart,  nn  the  supposition  that  the 
enxymea  are  not  capable  of  utiliaing  any  other  forms  of  energy 
in  the  transEormationa  which  they  induce,  and  merely  act  in 
jfaMtening  passage  to  tlio  equilibrium  point,  hydrolysis  during 
I^Ntion,  and  building  up  again  in  the  cell  during  m^taboli^m 
'Can  only  poeeed  if  tho  concentration*^  are  low  in  dige5*iion, 
and  high  in  the  cell  during  metaboliam  and  accompanying 
stijrage. 

The  truth  of  the  law  deduced  theoretically  above  with  regard 
to  the  eifect  of  concentration  upon  the  point  of  equilibrium  of 
reactions  can  also  be   shown    by  experiments.     Thus  Croft  Hill 


'  It  mnj  be  prTntfld  out  ttmt  aii  eleutrol^tt^  Biinb  an  sodLum  chloniie  in  aquGuoe 
soloUon.  iK-bnivpEi  tilmtlarly  flflil  for  the  eamp  rca^oTi.  In  dilul«  AoTtHloc,  Uie 
ftlfv^trolytt  M  pmotionlly  dianoi^iai^Ht  inta  itA  iDn>(.  whi]£>  in  QoncenlmEfd  eolnilwi 
ifl  aruoant  pToporl.ioual  to  the  ohcootic  pru^surpfi  of  (be  iifF^rent  renoting  lub- 
a(BDiJC4  i^  QQili^^oclatod.  The  ^^'P*^  '^^  rooDtion  ia  lIjo  samo  ua  tbat  diacufifiod 
above.  IJ  aL  tqtiilibriuiD,  Ihc  oi<nioti<j  pressure  of  the  utidiifsodntod  moloonlcB 
Id  re|fn:»eiited  by  P^  aaJ  tbati  ni  each  ion  hy  Pj,  then  bgi  above  For  aqailihriiim  we 
luTE  Pa=^H  ,  Pc^aiid  ilii-  aamv  sviisanjng  aa  given  above  Bbofra  iha-i  P|  lu'jT^ABca 
rrlxtivcly  U:  P^  wlch  inurejiKiDg  dilutiua. 

*  The  nentrnl  fau  are  prar^T-icnll;  insoliihle  In  water,  but  the  rgnjioiiing  botdfl 
tot  ialM  in  aolutinn  in  ihe  cell  prnUplaAm,     [Ht^  p.  iA.} 
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foand  that  in  Ufvy  iniu^erUrfiled  sol'Uions,  the  ferment  of  malt, 
malta^e,  caiified  the  formation  of  a  di saccharide  from  glucose. 
In  hia  curlier  work  CVoft  Hill  thought  tiie  djaaccharide  formed 
wafl  maltoBo,  viz.  the  disftc<?haride  on  which  the  fermcivt  naturally 
■works  in  the  grain,  and  that  the  process  was  hence  a  direct  reveraal 
of  the  actiun  of  the  same  feroient  npon  maltose  in  dilute  «nlution. 
Emuierliug,  who  repeated  the  eijjerimentSi  thought  the  diEtac- 
charido  formed  in  the  concentrated  solution  of  glncose  was  lao- 
inalt03G.  Then  Croft  Hill  himself  in  later  work  found  that  the 
s\Lh9tance  formed  was  a  new  disaccharide  which  ha  termed 
TevfTtosfi.  The  important  fact,  however,  remains  that  a  fennent 
which  in  dilute  Hohitions  of  a  disaccliaride  causes  a  liyJroIyHis  into 
heioses  or  mono- saccharides ;  in  concentrated  aolution,  acta  upoa 
the  hexoae  and  causes  a  condensation  to  diaaccharide.  It  waa 
further  flhown  by  Croft  Hill  that  in  dilute  aolutions,  containing 
less  than  4  per  cent,  of  glicoae,  the  formation  of  the  disacchftride 
does  not  occur. 

It  has  since  been  shown  by  E.  Fiacher  and  E.  F.  Armatrocig 
that  lactase,  a  ferment  obtained  from  kefir,  causes  undiT  like 
conditions  a  formation  of  iao-lactose  from  a  solution  containing 
a  mixture  in  equal  concentratioa  of  its  (constituent  hoxosea, 
glucose,  and  galactose ;  and  even  from  glncose  alone  a  disar?- 
charide  was  obtained. 

Similar  evidence  has  been  obtained  of  reversibility  in  the  case 
of  certain  estera  oi  somt^wficU  anaiogous  constitution  to  the  fata, 
by  the  action  of  lipascT  the  fat-splitting  enzyme  of  the  pancreas ; 
from  which  by  analogy  the  inference  haa  been  drawn  that  similar 
syntheses  of  neutral  fats  by  reversed  enzyraic  action  may  occur 
in  the  body. 

Thus.  Kastle  and  Loevenhart  digested  a  mixture  of  butyric 
aeid  and  ethyl  alcohol  with  a  fresh  aqueous  extract  of  pancreaa, 
and  were  able  to  detect  fthvI-butjTate  by  its  odour^  and»  operating 
on  a  large  scale,  were  able  to  obtain  a  few  drops  of  a  tight  oil 
with  the  odour  and  genJ'ra!  properties  of  the  ester.  Thi?  L-lraiigea 
did  aot  iHMnir  wlu'ri  buileJ  panereatJc  extract  was  nwi^d,  and  since 
in  dilate  solutions  the  same  lipase  can  be  uaed  to  convert  ethyl- 
bntyrate  into  butyric  acid  and  ethyl  alcohol,  it  becomes  evident 
that  the  action  is  a  reversibltj  one.  In  a  Inter  paper,  Loevenhart 
showed  that  a  umilar  reaction  was  obtainable  with  a  large  number 
of  different  tissue  extracts. 
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In  a  aitniL&r  fashiuDp  Hanriot  aho\t^  that  lipase  is  capable 
of  forming  mono-butyrin  from  butyric  acid  and  glyceriae. 

In  so  (nr,  however,  as  tbe  sj-ntheses  of  simple  eaters  by  lipase 
are  considfired  to  have  a  bearing  ijpc)n  the  synthesis  of  neutral 
fata  by  tbe  same  enzyme  in  the  body,  it  umsb  be  pointed  out  that 
the  reactions  are  of  somewhat  different  type,  and  tliat  the 
GquatJona  of  cquilibriujii,  taken  id  conjunction  with  the  solu- 
bilitiea  of  the  neutral  l&ts,  show  that  the  aynthesis  of  neutral  fat« 
is  a  much  more  difficult  process,  and  one  which,  granted  that  it 
may  occur  by  reversed  action  of  the  enzynie  under  the  conditions 
existing  in  the  cell,  ta  exceedingly  unlikely  to  occur  in  aqaeoua 
solution  in  the  test-tube. 

The  difEerenco  ariacs  from  tha  fact  that  the  two  syntheses 
achieved  by  the  authors  mentioned  above  of  ethyl- butyrate,  and 
mono-butyrin,  are  produced  in  reat'tiona  in  which  single  mole- 
cukfi  of  eat^h  of  tbe  constituents  unite  to  form  a  molecule  of  the 
eater :  while  in  the  case  of  tbe  neutral  fats  three  molecules  of 
tbe  fatty  acid  concerned  unite  with  one  molecule  of  the  glycerme. 
If  wo  ropreaent  the  osmotic  prosaurea  [which  are  proportional 
to  the  molecular  concentrations)  by  P^,  P^,  and  Pjj,  for  eater,  acid, 
and  base  respectively,  then  the  efjiiation  of  equilibrium  for  the  ethyl' 
bntyrateandmono-butyrin  beconiRsPg^  K,P^.PflOrpB  =  K  .  P"^, 
and  that  for  the  neutral  fat  ia  P,j  =  K  .  P%  .  Pb,  or-j  aMuming  that 
the  constituents  are  present  in  tho  proper  concentrations  for 
combination,  Pj,  =  K  -  P*ji- 

Contrasting  the  two  formula?  P^  =  K  -  P^=  and  Pu  =  K  ^  P/^ 
we  aee  that  in  the  case  of  inich  a  reaction  as  that  in  which  a 
neutral  fat  is  formed,  the  tendency  to  remain  dissociat'Cd  in 
dilute  Bolutionn  and  to  remain  combined  in  concentrated  solution 
are  more  exaggerated  than  in  the  simpler  reaction.  Accordingly, 
as  we  pjis&  from  a  concentrated  solution  to  a  dilute  solution  tbe 
value  of  Pjj  falls  very  rapidly  compared  to  the  fall  in  P^,  or  the 
relative  amount  of  neutral  fat  becomes  very  small.  In  excessively 
concentrated  solution  practically  all  would  be  neutral  fat,  but 
very  rapidly  on  reducing  tbe  concentration  nearly  all  would  be 
hydrolyacd  to  free  fatty  acid  and  glycerine. 

Hence  a  synthesis  of  neutral  fat  from  fatty  acid  and  gly- 
cerine is  only  possible  in  a  highly  concentrated  solution. 
But   the   phyaica!   property  of   tbe   fatty   acids  and   neutral-  fats 
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of  being  ineoluble  in  water  renders  the  attaJEiment  of  sucb 
concentrattd  solutions  an  impossibiiity  in  all  attempts  at 
ajntheHia  hitherto  nmde,  and  for  thia  reason  no  aatiafflctory 
proof  of  syntheBea  of  ncutr&t  fata  by  lipiise  have  hitherto  been 
furnished. 

The  theory  of  equilibrium  in  aolutlon  provea,  however^  that 
given  the  poasibility  of  obtaining  more  concentrated  aolutioUB  of 
the  fatty  acida,  the  ftynthesia  of  neutral  fata  by  eniymea  is  quite 
poaaibic ;  and  in  the  conditions  obtaining  in  the  cell,  where 
the  solvent  is  not  water  but  the  cell  protoplasm,  and  where  &Ibo 
othef  solvents,  such  as  the  hile  salta,  may  be  present  In  con- 
centrated solution,  t\w  syiithesia  of  fats  may  well  oo<iur  by  such 
means. 

The  synthesis  of  neutral  fat  from  soap  and  ^[lycerire  aolutiona 
has  been  claimed  by  C,  A.  Ewald.  and  by  Hamburger,  by  the 
action  of  the  isolated  cells  of  the  intestinal  muccuB  membranes ; 
but  ftimJIar  experiments  by  the  writer  cf  this  article,  in  which  both 
the  cells  and  oell-free  extracts  of  the  cell*  were  used  from  the 
intvHtiiial  mucosa,  lymphatit:  gkndi^,  and  the  pancreas,  demon- 
strated that  no  trace  of  neutral  fat  was  ever  formed,  the  only 
action  observable  being  a  setting  free  of  fatty  acids  from  the  aoapa 
uaed-  The  observations  of  the  authors  quoted  above,  being 
obtained  by  difference  between  total  ethereal  extract  and  free 
fatty  acid,  were  shown  to  be  due  to  uruiltered  aoapR  dissolved  out 
by  the  ether. 

In  r&gnrd  to  the  aynthcsia  of  more  complex  carbohydratea 
from  the  sugars  by  reverses!  action  of  enzymes,  it  may  be  stated 
that  Cremer  has  claimed  to  have  observed  a  synthesifl  of  glycogen 
from  sugar  by  the  action  of  Biichuer's  Zymase,  but  the  result  baa 
□ot  yet  been  confirmed. 

IV.  The  moat  genera!  case  of  equilibrium  in  eolation  is  that 
where  an  indefimte  number  of  sub&tancea  react  together,  and  the 
equation,  as  demonatrEited  on  page  27,  becomes 


which  may  be  written 


p;.p;;.p^^&c,  =  K.p^p^P5,J.a, 
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that  la,  at  tbe  equilibnum  polut  the  prodticta  oi  the  ufimcitic 
pressures  of  the  aubst&ncca  reacting  upon  the  one  ^de  of  the 
equation  raised  Ln  each  caae  to  a  povp-er  ccrreapording  to  the 
number  of  molecules  entering  into  the  reaction,  bear  a  constant 
ratio  to  the  similar  products  of  the  aubatances  on  the  other  aid? 
of  the  equacion  of  reaction. 

All  the  othtr  ajiecial  caaes  previously  considered  can  obvioiislv 
be  deduced  horn  thia  general  equation  e>£  equilibrium.  Otherwise 
it  is  nf  littlo  prEictic-al  iuterestf  for  leootions  more  complicated 
than  those  given  under  the  special  types  are  too  difficult  to  deal 
with  eicperi mentally. 

Il  may  he  pointed  out  that  aluc-.e  the  oflmotic  pressures  are 
proportional  to  the  molectilar  concentrations  of  the  reacting  sub- 
atancea,  in  all  the  above  equations  the  P  representing  oamotio 
pressure  may  be  replaced  by  q  C  representing  the  molecular  con- 
centration. This  is  the  form  in  which  anch  equations  are  uaually 
Fen,  but  since  the  energy  changcfl  which  arc  responsible  for 
ing  about  a  reaction  and  establiabing  an  cquihbrium  are 
dependent  upon  the  osmotic  energies  £>f  the  dissolved  aubstances 
it  haa  been  thought  adviflablo  to  give  the  equations  in  the  form 
fihown  above. 

Before  passing  from  the  subject  of  equilibrium  in  solution  to 
tbat  of  velocity  of  reaction,  and  the  effect  of  enzymea  and  other 
cnergy-tranaformers  upon  reaction  and.  velocity  of  reaction,  it 
infly  be  profitable  to  coiiaider  brieflj  the  conditions  which  deter- 
nuDc  whether  a  reaction  is  practitxiUif  reversible  or  not ;  that  is 
to  say,  which  determine  whether  the  equilibrium  point  shall  he 
&t  an  appreciable  and  practically  measurable  dii^tance  from  either 
extreme  end  of  the  reacticfn. 

Id  the  lirat  place,  it  is  clear  from  the  form  of  the  general 
equation  of  cqnihbrium  that  the  osmotic  pressure,  and  therefore 
the  molecular  concentration,  of  none  of  the  reacting  substances 
on  ore  side  can  Ix*  zero,^  unleaa  the  osmotic  pressure  of  one  or 
moic  of  the  reacting  snbatancea  on  the  other  sidt^  also  became 
zero.  But  a  zero  value  on  both  aides  could  only  mean  that  aub' 
stances  taking  part  in  the  reaction  arc^  absent,  and  this  condition 


^  Tm  If  najoiio  fnctar  in  the  prciiuct  !*«    |',^,  l\..  ftc,  liccomcti  tfifo,  tha  vpJufl 
'Ibc  whole  [kToduct  is  zero,  aud  tLis  cnjiuol  lio  cj^qaTgiI  to  any  fia'ttti  vdIubou 
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is  therefore  inipoHsible.  Hence  there  is  tlieoreticallj  an  equi- 
librium point  in  all  reactions,  and  everj  reaction  ia  revoiaiblcH 
Bat  the  value  of  the  constant  may  bo,  and  m  many  reactione  ia, 
such  that  the  point  of  equilibrium  lies  so  near  one  of  the  end 
points  that  the  position  is  indiatinguiahable  experimentally  from 
that  of  roniplete  passage  into  the  ftubatanrts  found  on  one  side 
of  the  equation  of  reaction.  Hence  pradicailff  reactions  may  be 
divided  into  reveroible  or  incomplete  and  irreveraible  or  complete 

reaetiona,  and  we  now 
proceed  to  consider  the 
conditions  whieh  tend 
to  cauAe  a  reaction  to 
become  practically  re- 
versible or  incomplete. 
We  have  already 
seen  that  in  those  re- 
actions in  which,  aa  a 
result  of  the  reaction, 
the  number  of  molecules 
in  solution  changes,  the 
concentration  of  solu- 
tion changes  the  equili- 
brium point,  and  that 
such  reactions  tend  to 
become  reversible  or  in- 
complete i  n  concentrated 
sohitions  and  in  dilute 
solution  to  become  irreversible  in  that  phase  in  which  the  number 
of  molecules  in  the  solution  is  largest*  and  the  osmotic  energy 
acBordingly  at  a  maximum.  It  follows  for  all  reactions  of  thi3 
type,  which  involves  by  far  the  greatest  number  of  reactions, 
that  reveraibiJity  or  the  presence  of  the  two  phases  ia  impossible 
in  siifHciently  dilute  solution.  Tbis  follows  because  in  tlie  equa- 
tion P^  =  K  .  P3",  where  n  is  greater  than  unity,  that  aa  P^  and  P^ 
diminish  together  P^  must  get  relatively  smaller  compared  to 
Pp,  and  with  sufficient  dilution  tends  to  become  infinitelv  small 
relatively  to  P^. 

The  other  factors  which  affect  the  position  of  the  point  of 
oqmTibrium  and  deterrainp  whether  a  reaction  shall  be  practically 
rcverBibie  or  not  are  the  value  of  C,  the  chemical  energy  involved 
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in  the  change  from  the  one  phase  to  the  other,  and  the  abeointe 
temperatiire  of  the  reaction  ;  For  changes  in  either  of  these  afieet 
the  Talue  of  Uie  constant  K. 

The  effects  of  changea  in  C  and  T  npon  the  poiot  of  equilibrimn 
can  best  be  understood  by  following  oat  the  energy  ch&ngefl  as  the 
TOb«tance«  paAs  in  the  reaction  from  the  one  condition  to  the  other- 
The  matter  c^n  best  be  ondentood  by  graphic  QIustratioD  as  in  the 
diagram  on  page  36,  m  which  are  represented  the  energy  change* 
at  each  instant  tts  the  sobBlance  paa&«e  from  the  one  form  to  the 
other  accOTding   to   the   rimpleet  type   of   equation,  that  in   which 

H  =  C-BTIogp^- 

The  baae  line  XX'  reju-esente  the  zero  line  of  eneigy  exchange,  («di- 
nates  above  the  base  line  representing  quantities  of  energy  set  free  by 
the  reaction  at  &ny  stage,  and  ordinatee  belov,  energy  required  in  order 
that  the  reaction  may  proceed.  At  X  the  subetance  is  all  in  the  form 
A  and  at  X'  id  the  form  B,  at  intermediate  points  fractions  are  in  the 
two  forms  proportionate  to  the  dist«oces  from  X  and  X'.  The 
horixontal  line  above  or  below  XX'  re^veeente  by  its  height  abore  or 
below  XX'  the  amount  of  chemical  enei^  set  free  (positive  when 
above  XX'  and  n^ative  when  below)  when  a  grm.  molecule  passes 
from  the  form  A  to  the  form  B.  The  carved  line  represents  the 
oamotic  energy  set  free  at  each  point  in  the  reaction  wbeo  a  gnn, 
molecnle  changes  form  at  the  particular  o&motic  pressures  present  at 

that  point.     The  height  of  this  line  above  or  below  XX'   is  given 

p 
numerically  by  the  expression  RT  log  ^-^  and  the  sign  is  reversed 

in  plotting  it  so  that  at  each  stage  the  difference  in  the  heights 
above  XX'  of  the  straight  line  and  the  curved  line  give  the  value  of 

H,  the  energy  set  free   at  that  stage   in   the   reaction,  for  a  gnu- 

p 
molecnle  changed,  according   to   the   equation   H  =  C  -  RT   log  p^. 

l^adng   now  the  value   of   the  amount   of  energy  set  free  in  the 

reaction  at  each  stagey  we  have  at  X  where  Pb  =  0,  and  therefore 

p 
log  a'  =  log  0  =    -u.     Therefore   at   X,  and   pmnts   close   to    it, 

—  RTlog  ^  has  a  large  positive  value^  which  is  to  be  added  to  the 

constant  C  in  order  to  give  the  energy  set  free.     Hence  no  value   of 

C  positive  or  negative  can  cau«e  the  equilibrium  point  to  lie  quite  at 

X,     As  the  reaction  proceeds,  however,  and  more  and  more  of  B  is 

p 
present,  Pb  rises  in  value,  and  the  positive  value  of   -  RT  log  ^ 


38 


CHEMICAL  TRANSFORMATIONS 


rapidly  dropa.      If  nov  iho  Talue  of  C  is  ndgrktive,  that  U,  if  chemU&l 

tm&i-gy  isubsnrbeii  on  uhnnge  of  nubiUnca  A  Lotu  subaUiice  B,  Uieii 

p 

an  eqiiilibriiim  will  be  Peached  as  HOOn  ii!*  the  v&liie  of    -  RT  bg  p" 

oiniftU  0.     This  will  at^ciirnearei'  S.  naat  E.,  if  0  has  a  Ur^je  nogativo 

ViJao  tbnri  if  C  hiL?i  n   aiufill  negjxtii^ij  Value,  a.H  at  £„      ESuvond    the 

p 
point  of  equilibriiiDi  so  defined  the  poflitive  vilqs  of    -RT   log  p* 

A 
p 

boooinoi  fltill  smaller,  an4  hent^o  H,  which  iw  O  -  RI  log  „",  becomas 

nsgiidvQ;  tbat  i«,  enerj^y  is  absorbed,  the  reaction  is  t>Tti:1nthermln, 
and  <:ftiinob  pi-oceei  without  external  energy  bpjng  aili.lcd,  which  ia 
excludod  uml<>[-  the  condition*  *«  ara  aonaideriiig.  Bat  if  C  bns  :l 
positive  value  thtj  roiiDt,:oii  wiil  run  Foi'thei-  typmrtlfi  X'  before  iho 

o[|uilibi-ium  point  is  ranched.     A*  it  bo  mna  ?„  uuntinually  increases 

p 
and  P^  decreafleH.     So  long  aa  P^  is  greater  than  P^,  the  fraction  p- 

A 
p 

is  l&^^  thiLii  unity,  its  logarithm  i^  ne^tiva^  ni\i\  hence   -  RT  log  ^^ 

p 

hiYsa  positive  val  uo ;  butattbe  position  where  P^  =  P^^  log  ^  —  ^^  1=0, 

wid  Lhe  curved  Mne  lepreaeotin^  the  chjLnge  in  the  u^ElotIc  euergy, 

llVOb^es  the  bajio  Ixuo  for  tbo  osmotic  energy  sot  free  at  thi^  point  in  the 

reaciioii  la  aero.     Trom  thi»4  point  oiiweu'iI  osmotic  energy  is  abNoibed 

p 
tnHtead  orbt^Lnggiyaaoutinthe  reaction,  For  log  ~  now  becomes  p^ieitive 

anJ  goea  oa  increjwiug  in  vulup,  at  Giat  slowly,  and  hiber  rery  rapidly 
as  P^  bBcoTDBH  very  ^rnall  in  Uie  neigh  bo  urhooJ  of  X'  Mid  tbe  curved 
line  becomes  aHvuLptctio  to  thid  orlinat^,  KcnceuLa  certjiin  poirLttbu 
distance  of  the  curved  line  bt-low  the  bJiHo  line  bpccmG>.  efjual  to  the 
distance  above  lhe,  base  Una  of  bbti  horizontal  line  represi^nting  the 
poailivo  vftlue  of  C  Also  the  smaller  tlio  iKJsitive  TiJue  of  C  the 
further  from  the  end  point  will  b&  the  point  nf  equilibrium. 

Tho  aamo  reaaoning  applies  if  we  tiUrt  at  X'  with  tbe  aubsUince 
all  in  the  form  B,  and  proceeil  towavJs  X.  The  diagr.ini  to  &uit 
progri^A  in  thi^  direction  in  tbe  mlrTcv  rcQex  iu  the  ba^ir  line  of 
the  one  given  for  the   opposite  direction    (X   to   X').      For   if   the 

value  of  0  wa^  pcnitive  in  pahj^ing  fiom  A  to  B^  iLi  will  t>e  negai,ive 

p 
in  paaaiiig  from  B  to  A,  and  value  of  -  RT  log  5-*  will  be  iKwitive 

p 

at  the  X'  end  and  negative  at  the  X  end,  precinely  as   -  RT  log  ^ 

was  posiUve  at  tbe  X  snd  and  negative  at  tbe  X'  end.  Hence 
the  game  equilibrium  poiot  is  reached  from  whichever  condition  A  or 
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vre  chocKte  bo  tnive].     T ho  positions  of  the  IJtie«  AA'  ftnd  -  AA'  aud 

of  BB'  a^d   -  BB'  illustrat'a  the  sfTectE  of  jl  ^mall  a.nd  a  liLige  vnlue 

oF  C  either  positive  or  negative,  and  it  h  evident  that  a  smoJl  value 

iDcr«&&efl  th©  diatAnee  of  the  eqniUbrmm  point  from  the  end  point, 

HMod  bence  iDcreaeea  the  reveraibUity  or  incopipli^beiiess  of  th«  reocUon.^ 

^H  We  leariL  acrorilingly  that  for  a  rt-af^ticm  of  typi?  Pg  =  K.P^ 
^^Ube  smolleT  the  chemical  ent^rgy  involved  in  the  change  fiom 
^HfL  to  B,  the  more  does  the  reaction  become  practic-ally  reversible. 
^^The  fiame  etatotnont  is  also  true,  within  certain  limitB,  for  ether 
of  reaction. 
Now  the  value  of  the  l:bemir^a]  4^n^rgy  is  not  uieasui&ble 
eiJtally,  for  heats  of  rcftctJon  as  usually  meaaured  do  not 
either  C  or  U  of  our  equations,  but  instead  the  heat  of  re&c- 
on  for  a  grm,  molecxite  changed  at  varying  values  of  P^  and 
Thie  SguTG,  which  h  the  only  experimental  datum  we  posseaa, 
pVH  us  an  integration  of  a  small  fraction  of  H  at  each  stage 
throughout  the  procwa. 

However,   the  heat   of  reaction   must   vary   soaiewhat  in   the 

Ieame  manner  aa  0,  and  a  sDoall  value  of  heat  of  reaction  indicates 
ft  small  value  of  chemical  encrg}-,  and  a  large  heat  of  reaction  a 
kigh  value  of  chemical  energy. 
Uwng  this  criterion  aa  the  beat  available,  we  find  that  escperi' 
ment  bears  out  the  above  conclusion.  In  all  the  typically 
leveraible  actions,  such  as  tlie  formation  of  esters,  the  polymeriaa- 
tion  and  hydrolysis  of  carbohydrates,  and  such  reactions  aa  we 
have  seen  above  are  reversible  by  enaymea,  the  heat  of  reaction 
b  excessively   low  ;    bo  low  indeed  that   It   cannot   be   measured 

!expenm(«n tally,  aince  the  effects  obtainral  fall  within  the  limits 
of  experimental  error, 
Thue  the  heata  of  reaction  for  the  formation  of  the  following 
estere  from  their  cofistitucnt  alcohols  and  acids  in  rational  calories 
are:— ^thylformiatsT  —  tiK;  ethyl  acetate,  -"20K;  athyl-hydrogen 
aulphate,  —49  K;  amyl- hydrogen -sulphate,  —  2K;  and  ethyl 
Dju,latet  —  38  K.  Theae  amomits  arc  scarcely  measurable  in  the 
volumes  of  fluid  in  which  they  occur,  and  on  account  of  the  hIoW' 
ncsa  with  which  the  reactions  take  place,  and  in  comparison  with 
^  Tb«  flhjtpo  of  ihc  GDtf ed  lino  mries  «ith  the  ofprraaiah  Car  the  valau  of  th« 
untioUa  encrgj,  an  that  tho  offoot  nt  cbBnf?;on  in  low  vdUca  of  C  la  complicated 
to  fcillov.  But  biph  values  of  C  wDI  ulwaye  liuid  the  equilibriam  [ioiai,  upou  ihc 
atjiapUAK  portioa  of  the  carve  close  to  oae  or  ulher  of  the  two  end  pohiiB, 
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the  total  chemioal  ebflrgiee  of  tlie  subHtances  fefiQtiiig>  as  shown 
hy  combiLstion,  &tg  negligibly  amall.  For  example,  the  heat  of 
oombuBtion  of  ethyl  eIcoUoI  i^  .1400  K- 

The  chemical  energy  required  in  the  combination  of  hexoaea 
to  form  disaccharide*,  a  reaction  which  baa  beea  aliown  above 
to  be  reversible  by  enzymea,  or  in  the  formation  of  starches 
and  fata  from  their  proximate  constituents,  such  aa  occur  in  the 
body  ceils,  ia  bIso  so  Bmftll  as  to  be  incnpabli?  of  uipasiirempnt. 
But  if  we  neglect  small  differeneea  in  heata  of  aijlutiofi  of  tbe  carbo- 
hydrates, vm  call  obtaio  some  Idea  of  how  aoiall  the  beats  of 
reaction  are  by  taking  tbe  differences  in  heats  of  combuation  of 
the  substancoa  on  tbe  two  sides  of  the  equation. 

In  the  following  equations  for  formation  of  the  three  beat 
Icnown  eKsmples  of  diaflooharidea  from  tlieir  conatitiient  hexonea. 
the  heat  of  combustion  of  endi  sugar  h  written  below  its  formula, 
and  tbe  difference  ia  given  aa  the  approximate  heat  of  reaction 
in  rational  caloriea  : — 

673T  K  +6750  K  »13.ri27  K  -31  K. 

(Oiut^)        iOluoQii)  {Matttft;] 

6737  K  +6737  K  =  13,507  K  -33  K, 

■^  C„H,,0,  +  C,Hi,0,  =  C^,H^O,,  +  H,O-61  K. 

{Olueftr]       \t?Hiaelcit}        {LhoUhc) 

6737  K  +6696  K  =13,514  E  ^81  K. 

It  is  hence  obvloua  how  amall  the  change  in  chemical  energy, 
aa  sho^ATi  approximately  by  heat  of  reaction,  is  in  practically 
revcreiblc  reactiona  aa  compared  vnth  those  reactiocia  which  tun 
practical I3'  to  completion. 

Tbe  effect  of  change  in  teniperature  ia  on  the  whole  opposed 
to  that  of  change  of  chemical  energy ;  a  rise  in  teraperatore 
having  tbe  same  effect  as  a  drop  in  chemical  energy  and  tending 
to  increase  the  revernibihty  of  the  reaction, 

Tbis  IS  seen  fTom  tbe  fact  that  the  part  of  vhe  eonatarit  K|  whlcb 

cHau^eB  with  jLlterj^tiona  in  cbemical  enerj^y  0  and  temperutm^  T, 
c 

is   the  expression  e^^,   iti   which   it   ii  clear  tbat   eimilar   chnnges 
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in  G  ftud  T  baluice  each  other.      In  the  dmple  form  of   reaction 

Pb^K  ,Pji,  illustr&ted  in  the  diagram  (p.  36),  Uiia  is  quite  clear,  for 

p 
increase  in  T  ivill  cause  similar  increase  in  the  expreseion  RT  log  p  , 

and  hence  will  place  each  point  on  the  curved  line  farther 
from  the  bsAO  \in&,  and  bo  hring  the  equilibrium  point,  that  ie^  the 
point  where  the  curved  and  horizontal  tine  lie  at  an  equal  distance 
from  the  hase  line  X^X',  nearer  to  the  mid  point.  Accordingly 
increase  of  temperature  acta  like  low  value  of  chemical  eoergy  and 
increases  reversibility. 

In  the  more  complex  forms  of  reaction,  such  as  Pg  —  K .  P^^,  £c., 
the  form  of  the  curved  line  rcpresoDting  change  in  oamoCio  energy 
varies  ;  it  is  stil]  asymptotic  at  both  ends,  but  no  longer  croseee  the 
zero  line  at  the  mid  point  between  X  and  X'.  Hence  increases  from 
zero  in  the  value  of  0  in  one  definite  direction  only^  will  up  to  a 
certain  limit  bring  the  point  of  crossing  nearer  the  mid  point,  and 
so  increase  reversibility.  Similarly,  if  the  value  of  C  is  taken  as 
fixed,  increases  in  T  up  to  a  fixed  limit  will  decrease  the  reverflibility, 
but  later  for  higher  values  will  increase  it.  Hence  in  thoae  ca^es 
where  the  number  of  molecules  is  altered  in  the  reaction  there  is 
at  a  certain  given  point  in  each  case  of  change  in  C  or  change  in  T, 
a  reversal  in  the  effect.  For  higher  values  of  C  or  T,  however, 
effects  of  increase  of  C  to  high  positive  or  negative  values  is  to 
throw  the  crossing  farther  along  towards  the  asymptotic  portion  of 
the  line  at  either  end,  and  so  diminish  the  reversibility;  while 
effects  of  increase  of  T  at  higher  values,  C  being  fixed  and 
moderately  low,  is  to  throw  the  crossings  further  from  either  end 
point  and  so  to  increase  reversibility. 
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CHAPTER  III 

VELOCITY  OF  REACTION,  AND  THE  COMPARATIVE  ACTION 
OF  ENZYMES  AND  CELLS— EXPERIMENTAL  OBSERVATIONS 
ON  VELOCITY  OF  REACTION,  AND  THEIR  DISCUSSION- 
ALTERATION  OF  CONCENTRATION  OF  ENZYME 

The  investigations  of  the  conditions  of  equilibrium  have  shown 
that  at  a  certain  point  in  the  reaction,  at  which  the  molecular 
concentrations  or  osmotic  pressures  of  the  difierent  substances 
in  solution  and  taking  a  part  in  the  reaction  bear  a  definite  pro- 
portion to  one  another,  there  is  no  energy  set  free  as  a  result  of 
the  reaction,  and  hence  that  the  system  is  in  equihbrinm  at  this 
point.  At  all  other  pointa  or  stages  in  the  reaction  energy  la  set 
free  as  the  result  of  the  reaction,  and  hence  the  question  arises 
why  is  a  stationary  position  possible  in  the  system  at  any  other 
point  in  the  reaction  than  the  equilibrium  point  ?  If  a  system 
contains  substances  capable  of  reacting  with  one  another  and 
present  at  other  concentrations  than  those  of  the  equilibnum 
point,  energy  will  be  set  free  by  any  movement  towards  the 
equilibrium  point ;  why  then  is  the  equihbrium  point  not  instantly 
reached  and  the  energy  set  free  ?  Why,  in  some  instances,  is  there 
a  slow  and  measurable  velocity  of  reaction  towards  equilibrium 
which  may  not  be  reached  for  days  or  weeks  1  Why»  in  other 
cases,  ia  there  no  measurable  movement  at  all  towards  the  position 
of  equilibrium,  although  the  substances  are  left  in  solution  for 
an  indefinite  time,  until  certain  aubstances  not  permanently  altered 
themselves  in  the  slightest  degree  are  added  to  the  aolution,  and 
after  the  addition  of  such  substances  why  does  the  reaction  at 
once  commence  and  continue  until  equilibrium  is  attained  f  That 
is,  why  do  catalysts  In  general  (and  enz}ines^  which  form  a  particular 
class  of  catal3^ts  formed  by  the  agency  of  hving  cells)  induce 
reactions  which  cannot  be  shown  to  proceed  in  their  absence,  or 
cause  reactions  which  proceed  with  infinite  slowness  to  be  hastened 
into  a  measurable  velocity  ?     Finally,  in  many  reactions  in  hving 
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cells,  aad  notably  in  the  anabolic  procesaea  of  chlorophyil-con- 
taiiiirg  cella  of  Yivrng  plants,  wliy  does  the  reaction  prtH;eed  auiay 
from  the  equilibriuni  point  with  storage  of  clieiiueal  energy,  instead 
of  energy  being  set  free  ? 

There  is  no  shadow  of  doubt  as  to  the  e?cpefime]ital  facta  which 
suggest  the&e  cjueriea,  all  of  which  form  a  coiinected  whole^  and 
must  receive  their  explnnation  on  a  commoii  ba^ia, 

Steriliaed  solutions  of  cane-HUgar,  maltose,  lactose,  and  Btarnh 
can  be  preserved  indefinitely  without  any  Dieasurable  change 
into  their  simpler  components.  On  the  other  band,  aolutionn  in 
molecular  proportions  of  the  constituent  heKoeea  which  build  up 
theae  more  complex  carbohydrates  can  eirailarly  be  k«pt  in  solu- 
tion with  no  obaetvahle  change  for  indefinite  periods-  There  ia 
hence  no  movement  towards  the  equilibriuni  point  from  either 
Bide  o£  that  point.  But  let  the  appropriate  catalyst  be  added 
under  the  proper  conditionfi  and  at  once  the  reaction  towards 
equilibrium  occurs. 

Still  more  striking  are  the  eiamples  derived  from  the  metabolism 
of  living  cells. 

Carbon  dioxide  and  water  or  water  vapoor  may  be  left  together 
indetioitcly  at  such  temperatures  a[id  physical  conditions  as  obtain 
in  the  chlorophyll-contaimng  cells,  and  no  formation  of  organic 
compounds  occurs.  Similarly,  the  organic  compounds  produced 
can  be  left  under  like  conditions,  and  no  chemical  changes  are 
observed.  But  in  the  green  plant  cell,  under  the  irfluence  of 
the  aolar  energy  movement  diredly  aiva^  from  the  equilibrium 
jfoint  of  undirected  chemical  and  osmotic  energy  takes  place, 
end  gives  the  origin  to  the  whole  syateai  of  vital  processes  on  the 
planet. 

The  fundamental  groundwork  for  an  answer  to  the  queries 
has  beeii  outhnad  in  the  introduction  to  this  chapter-  For  etiergy 
axhangea  to  occur  il  is  n^cessoTJf  that  there  should  be  preiciit  the 
^operly  adfipcd  machincB  or  mer^-tratuforvters^  It  ia  not 
sufficient  that  there  should  be  differences  in  energy  potentials  in 
the  system  in  order  that  a  reaction  may  occur  j  these  give  but  the 
'postiihiliiy  for  the  reaction,  which  can  never  take  place  unless  in 
addition  conditions  are  i)reflent  which  allow  the  transference  between 
the  forma  of  enc^y  possessing  differences  in  potential. 

Ihe  equations  with  which  we  have  been  dealing  under  the 
heading  of  cbemtenJ  equilibrium  teach  us,  that  at  other  positions 
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than  equilitirium,  aa  a  result  of  reactioa  energy  mill  be  aefc  free» 
and  the  energy  so  set  froo  is  the  driving  foroo  towards  equilibrium^ 
or  a  tendei^'  towards  chemical  equilibrium.  But  whether  there 
will  be  any  movement  towarda  equilibrium  or  the  reverse,  aod 
tiie  velocity  cif  that  movement,  depend  entirely  upon  how  far 
there  ia  opposition  to  such  movement,  by  the  resJAtance  of  other 
forms  of  energy  present  in,  or  brought  to  bear  upon  the  system 
by  any  agency  euch  as  a  catalyst,  or  upon  how  for  such  resisting 
forms  of  energy  are  dimitiiahed  by  the  action  of  any  such  agent 
which  may  bp  present  in  the  system-^ 

Cbeinica.1  energy  is  not  peculiar  in  this  respect,  and  does  not 
Btand  isolated  from  other  fonns  of  energy.  Water  standing  in  two 
TCBen-oirs,  unconnected  by  a  channel  through  which  the  water 
can  flow,  will  remain  at  a  constant  dificrence  In  hydrostatic  pressure 
for  ever,  and  if  there  be  a  channel  of  communication  between 
them,  the  rate  of  flow,  that  is,  the  velocity  with  whieh  the  potential 
difference  is  equated  out.  will  vary  not  only  with  the  difTerence  in 
potrcntiftl  bnt  with  the  resistance  to  the  flow  of  water  in  the  con- 
necting channel.  Further,  if  there  is  a  turbine,  or  properfy  eon- 
fitmcted  reversible  pump,  on  the  channel  of  commLLnieation  between 
the  two  reservoirs,  then  the  water  as  it  flows  from  the  higher  to 
the  lower  level  can  be  made  to  give  out  energy  which  hy  SLiibable 
transforming  machines  can  be  changed  into  any  form  of  energy ; 
or  conversely,  if  external  energy  is  suppUed  to  the  pump,  at  a 
Euffit^iently  high  potential,  it  can  be  made  to  work  the  pump  in 
tKe  opposite  direction,  and  the  absorbed  energy  can  so  be  utilised 
to  force  the  water  in  the  opposite  direction  from  the  lower  reservoir 
to  the  higher  reservoir,  so  that  the  difference  in  hydrostatic  potential 
increases  instead  of  diminishing,  aa  it  would  do  if  the  system  were 
not  operated  upon  by  other  forms  of  energy  from  without. 

Similarly  in  the  case  of  electrical  energy,  if  there  is  no  path 
of  conduction  between  two  charged  conductors  at  different 
potentials,  there  can  be  no  equahsation  of  potential  heliween  the 
two  conductora  ;    If  a  path  is  provided  the  velocity  of  the  energy 


^  Lofit  iim  lendGr  should  think  that  booanw  lbi»o  equtioTU  do  not  k«d 
dircctlj  to  ?xprwi^ioiiA  for  Lhe  vdooitj  of  roocbfob  tfant  they  Arc  therefore  usqIqm, 
jt  tony  be  pcinted  out,  that  (tcj  do  ^rs  tho  caaditiona f r?r  cquilibnam  quilfi 
iiutv  nlitm  Dti  mergj  h  imparted  Lutbe  njaleui  from  wilbaiiL.  For  olcbougb 
TAFlatJODB  Id  reslitAiice  will  ^let  tLu  velociljr  nith  whlcb  equJlihriuiii  b  n^cbed. 
At  the  ei^DiUbriiim  jHilnt  iiaell  tbe  velocity  becGmc!^  tBTo,  and  the  rcslEiiancti  bat 
IMOffTd^pglT  DO  elTent  upon  tbe  aquUibiiurD  paltLl* 
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reaction  viiriefi  with  the  reaiatance  ol  the  path  ;  also  by  giving 
various  fornia  tti  the  cunductiiig  [mth»  the  elix'tri^'al  enprgy  tiiay 
be  traiiaformed  into  various  forms ;  and  lastly*  if  a  suQlciijntly 
powerful  dyiiamo  be  placed  upon  the  conducting  patli  and  worked 
in  the  right  direction,  instead  of  the  path  being  a  means  for  equaling 
potential  it  is  converted  into  a  means  for  heaping  np  dif!erenco 
in  potential. 

So  also  for  any  type  of  mechanical  engine  or  motor,  towever 
driven  ;  if  tbe  load  ia  taken  ofi,  the  engine  races,  as  the  load  eh 
increased  the  velocity  leaacns,  and  with  a  auffieicntly  heavy  load 
the  movement  atopa  entirely.  Always  when  the  potential  differ- 
ences of  the  opposing  forms  of  energy  become  greater  thai)  those 
of  the  form  of  enei^  driving  the  motor,  the  latter  becx>mea 
ineffective  and  the  engine  must  stop,  or,  if  built  so  aa  to  be  capable 
of  reversal,  must  run  in  the  opposite  direction- 

Exactly  sijmlftr  reasoning  applies  to  every  known  type  of  energy, 
and  since  the  law  of  conservation  of  energy  holds  and  a  definite 
amount  of  clieniinai  energy  ia  equivalent  to  a  definite  amount 
of  any  other  form*  it  ia  clear  tbat  the  re&aomng  must  hold  for 
chemical  energy  also, 

HcncG  wo  see  that  while  the  difference  in  ohcmical  energy  gives 
the  driving  force  tending  to  cause  chemical  reaction,  and  a  pasaage 
towards  a  definite  point  of  eqiulibrinm,  there  ia  present  som.etliing 
in  the  nature  of  a  resistance  or  load  npon  the  engine,  which  deter- 
mines by  its  aEUDiint  whether  a  reaction  shall  occur  at  all.  If  it 
ocour3  the  speed  at  which  it  shj^U  occur,  and  according  as  the 
resistance  is  modified  by  other  factors,  the  path  of  the  reaction 
is  determined  and  the  very  qualitative  nature  of  the  compounds 
formed  by  the  reaction. 

It  is  hence  necesuary  for  our  purpose  to  inquire  what  is  the 
nature  of  the  resistance  to  chenucal  reaction,  what  arc  the  forms 
of  energy  opposed  to  the  reaction,  and  how  is  the  action  of  these 
opposing  fonns  of  energy  altered  under  different  circumstances, 
so  thpt  the  velocity  of  reaetJon  bpcnmes  changed,  the  reaL^tion 
stopped  or  its  actual  direction  reverst^d,  or  finally  the  pail]  of 
the  reaction  altered  so  that  under  diflerent  conditionSn  difTcrcnt 
products  may  be  formed. 

The  obvious  forms  of  energy  opposed  tc  cJicmical  reaction 
are  (IJ  moW-uIar  cohesion  or  chemical  affin'ty,  which  ranat  be 
-overommo^   befc^ire  the   molecule  breaks  up  or  is  rendered  capable 
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reacting  with  another  molecule,  whiob.  also  may  require  aLoiilar 
changea  in  its  molecular  constitution  before  it  ia  fitted  to  raact; 
and  (2)  the  pbyaii^al  forms  of  energy  which  act  b**tweeii  the  dissolved 
molecule  and  its  solvent,  such  aa  the  velocity  of  movement  of 
the  molecule  through  the  aolvert,  and,  at  any  rate  in  the  caae 
of  the  colloidal  molecule,  probably  Hurfaco  tension  at  the  surface 
between  the  dissolved  mofecnle  and  its  solvent. 

Action  between  Llie  dJasolveJ  molecule  and  ita  solvent,  which 
must  also  come  in  aa  a  factor  in  preparing  for  chemic-al  reaction, 
or  altering  the  reaiatancc  to  chemical  reactiou,  is  eeec  in  the  different 
ionising  powers  of  different  solvents  for  salts,  and  in  the  dificrent 
degrees  of  association  of  different  dissolved  substances  in  difiercut 
solvents.  For  example,  the  ionisation  of  inorgftuic  salts  in  water 
as  compared  to  organic  fiolventa,  and  the  dnplicato  and  higher 
molecular  weights  of  organic  substances  in  an  associating  solvent, 
such  as  beuEoIf  compared  with  another  solvent,  such  aa  alcohol. 
Ab  proof  of  tills  connection,  it  may  be  pointed  out  that  the  more 
ioniaed  a  dissolved  substance  is  the  more  quickly  it  reacts,  showing 
that  the  molecular  resistance  to  reaction  has  been  broken  down  ; 
and  the  very  different  velocities  of  reaction  of  the  same  Bubstances 
in  different  organic  solvents  (see  p.  132)  must  be  due  to  corre- 
spondiug  diffc^rcncGB  in  molecular  resistanoe  to  reaction  in  theae 
di^erent  media. 

The  first  of  theae  factora  is  that  which  will  probably  be  most 
effective  in  entirely  stepping  a  reartlon.  and  the  latter  that  which 
b  effective  in  rendering  reactions  in  eolation  as  a  general  rule 
much  slower  than  those  which  occur  in  gaseous  mixtures. 

It  is  by  modifying  the  action  of  these  opposing  iorins  of 
energy,  in  some  way,^  that  the  catalyst  or  enzyme  or  Living  cell 


1  ThB  mode  of  aetioD  Tb  at  present  unknoTn  ta  ns,  Lhe  hypotbpjieii  lliprefm 
will  be  given  later  [&ce  p.  136] ;  the  iiDportant  fa.ct  lo  realise  hete,  apart  from  any 
bjpulbcBiB,  ie  that  Ihe  caUJyEt  acta  m  on  onorgy  Doridiiclor  or  trajuiforiiicr  for 
ciemioal  energy,  UTift  tutics  Ihu  a.iDDtii]t  of  energy  DeccsBarj  to  br?  ImneFormed 
in  rariooB  otbor  diroulionb  bufoTC  the  Tcootion  gbq  enaur.  it  makes  the  path  conj 
belTieeJi  LAO  forma  of  vuvcgy.  Tuilbet.  it  aioy  he  poioLt^d  oiLt  llmt  liie  modus 
opcnt-ndi  ol  eEi;rgyLninhfornn;i&  lies  qIaajs  withunl  ttie  palp  ot  our  knowleilgfl 
in  the  car^c  of  ulLet  foroi*  uf  taerpy.  just  aa  miicb  as  in  the  csne  of  chemical 
entrgy,  vh^re  tlio  mailer  has  given  ridf  in  so  much  thouphC  and  rfiflnutHinB.  Wp 
do  not  rrally  tnnw,  for  etaniple,  tbe  mudo  in  wbicb  aa  Glectrlu  curront  heaT^  a 
vite.  or  how  aa  eleetric  dUTrpnt  mjigQetiaaa  iron,  and  no  other  inibalocoflB;  nil 
w«  have  ia  hjpollieidi,  junt  ah  nv  Ldtg  for  how  &  catoljet  produoea  itd  iTuna- 
formalioDfl  of  obamlool  onorgy. 


prrxiuces  ita  remarkable  effect  upon  the  duration  and  courae  of 
the  reaction. 

If  the  catalyst  is  not  capable  of  acting  upon  external  fonna 
of  finprgy.  auch  aa  light  energy  in  the  case  of  the  green  plant  cell, 
biit  can  only  utilise  chemical  cner^  and  convert  this  into  heat 
energy  and  osmotic  energy,  then  the  catalyst  can  only  work 
towards  the  equihbriuni  point  and  not  away  from  it.  It  can  start 
*i  reaetion  held  stationary  by  molecular  attractions,  or  can  modify 
A  ri*action  already  running  by  iiaatHning  or  slowing  it.  hut  it  miist 
act  in  all  casi5S  towards  the  equilibniim  point  from  either  end. 
Also  dependent  upon  the  power  of  the  eniyrne,  the  reaction  may 
bo  alow^d  and  atopp^d  at  other  points,  uanflUy  correBponding  to 
Borne  definite  stage  in  the  reaction^  which  are  called  false  etjuilibrium 
points  (see  p,  66),  This  follows,  because  as  the  reaction  comes 
nearer  the  equilibrium  point,  the  chemical  potential  aiding  the 
catalyst  in  ita  work  becomes  lesSn  and  hence  alwaya  the  velocity 
becomes  leas,  but  also  the  rcaiatance  may  bcccmc  so  great  as  to 
be  insuperable  for  a  particular  eniymCf  and  the  reaction  may  come 
to  a  dead  stop,  Tate,  for  example,  the  relative  action  as  catal>"st9 
upon  starch  solutions  of  dilute  acid,  and  of  diastase  of  malt.  The 
diaataM  is  powerless  as  a  catalyst  when  all  the  atatch  has  dis- 
appeared and  been  replaced  by  a  mixture  of  dextrin  and  maltose, 
the  resistances,  for  this  catalyst,  have  been  increased  beyond 
the  power  it  posseBsea  and  the  reaction  ceases-  But  the  acid 
proceeds  further,  and  oonvertB  the  dextrin  and  also  the  maltose 
into  dextrose ;  it  possesses  the  |)ower  of  breaking  down  the  resist- 
anoo  which  was  insuperable  for  the  diastaae, 

In  both  these  cases,  however,  the  movement  is  towards  the 
point  o[  chemical  ec|uibhnum.  and  it  is  by  acting  as  a  transformer 
of  chemical  energy  into  other  fomw  that  the  catalyst  does  its  work> 
The  only  difference  is  that  at  a  certalTi  stage  the  potential  factor 
of  the  molecidar  energ_v  of  the  subatanre  being  broken  up,  becomes 
too  powerful  for  the  diastaae.  and  the  reaction  is  stopped  so  far 
as  that  catalyst  is  concerned;  but  the  more  powerful  hydrop:eii 
ion  of  the  acid  is  still  able  to  overeome  the  molecular  cohesion, 
and  to  continue  the  reaction  a  stage  farther. 

Hut  there  are  catalysts  or  transformers  which  can  convert 
other  forms  of  euerg^'  into  chemical  energy,  and  these  form  a 
diatinot  class  from  the  others ;  for  although  they  are  similar  to 
the  former  in  not  being  themseh'es  altered  by  the  reaction  they 
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duce,  tliej  differ  in  that  they  require  externa!  energy  in  order 
do  their  work  ;  inateEid  of  causing  energy  to  be  given  out  from 
the  chemicfll  eystcm,  they  cauM  the  system  to  take  up  cnorgyT 
and  iiiatead  of  assisting  the  system  towards  the  equilibrium  point 
wajtla  wliJeh  it  tc^nds  In  their  absence,  they  caoae  a  movement 
way  from  the  equilibrium  point. 
To  this  elas^  of  catalysta  the  living  celb  ol  plants  and  animaEa 
belong,  and  although  the  process  is  most  elearly  seen  where 
chlorophyll  is  pFeaenti  and  is  masked  in  other  cells  by  preponderating 
ction  in  the  opposite  direction,  there  is  probably  no  cell  in  which 
anabolic  processefl  do  not  occur,  aa  abown  by  the  building  up, 
floeompauieJ  by  storage  ol  chemical  energy,  of  compleit  organic 
substances,  auoh  as  the  crganiacd  protoid  or  protoplasm  of  the 
celE^  and  the  granular  deposits  in  the  cell  of  amyloBee,  fats^  and 
other  reserve  food-stufTa,  from  ths  soluble  conatituents  of  the 
plasma  or  of  the  cirt^uljiting  fliiida  liy  which  the  cell  is  iiouriahed. 
In  moat  types  of  cell  t-he  energy  rL'quJred  for  the  anabolic  pro- 
cesses is  derived  from  chetmcal  energy  obtained  by  an  oxida- 
ion  procosfl  affectmg  a  portion  of  the  nutrient  matter ;  the 
energy  obtained  from  thia  reaction  being  ua&d  to  tun  the  anabolic 
reaction . 

The  Unkuge  togttfter  in  lAis  ^vay  of  a  vnrittrj  of  comjtlex  chemictd 
is   wliat   didittijuishes    the   cell  as   an   oteTgif-transfifrmer 
ttrnplcf  ading  soluble  emyme,  u>hich  is  eo  q/len  a  ■prodj4Ct 
}/  iti  aetimty^    Such  linJcage  of  reaction  is  never  seen  in  the  case 
f  enzymes,  which  are  cKceedbgly  fixed  and  ftelective  in  their 
tioii  (see  p.  114).    The  enzyme  act^  usually  upon  one  type  of 
olecular  arrangement  oiJy,   often  failing  in  attacking  even  the 
otereO' isomer,  but  the  cell  carries  on  a  wide  cx>mmerca  of  reaction 
with  many  types  of  mattur,  and  modifies  the  roactiona  in  many 
aried  ways ;    and  also  differently  at  different  periods  according 
to  itH  condition,  and  the  manner   in  which  it  is  afTected  by  con- 
current   naictiona  taking  place  in  other  cells  in  the  body,  or  by 
e  influence  of  the  nervous  aystem  upon  it. 

Actions  aimilar  to  those  of  the  cell  in  eboring  up  chemical  encfgy 

re   also   aeen  in   physical   transformers ;    an  example   of   auch    is 

e    synthesis   of   compounds   by   the   electric    current    and   the 

ectrolyais    of   condccting    solutions.      Here    the    electrodes^    two 

nductcra  at  different  potentials,  act  as  epergy-traiaformsiia'  for 

converting  electrical  into  chemicai.  cner^.     ,        ':■'.•:  \ 
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The  analogy  between  chemical  enc^rgy  tranaformationa  ond 
tliMe  of  other  forma  of  energy  ia  eo  clear  and  the  action  ia  ao 
obvioiiflly  of  thp  name  nature,  that  we  may  aummariBtJ  the  action 
of  a  catat^^at  or  energy-tranafornier  aa  follows  :  — 

I-  Theactiimo/  ehe  ifoifd/fe  or  unarffanited  eaialyst  or  enipne  way 
toH^iat  {a)  in  commencinfr  a  reaetiijrt  lehifiJi  doea  not  procefftf  at  a// 
in  ite  at*'HCfl  ;  (i)  r'n  atisrivg  thif  veht-iif/  of  ii  reactiim  whifh  do^  irroeeed 
in  ilf  affseiire,  anrf  such  aciif/n  iiia^f  bf  pvnitire,  iwreiMjV/  Ihei^p^ed  tij  the 
reat^tioaj  or  nei^atit'e,  (fintioiehin^f  th^  tp^  of  the.  reacf ton ;  but  {')  tho 
dii'fCtion  c/  lYactiofi  urutl  aliraifg  hv  foimtrds  ViP  jmnt  0/  eiJurtThrijaii,  m 
dffjinefl  in  tkt;  prairk/ue  geeiiortj  het^v^  ike  e»q/vw  does  not  t/t'eld  on&i-ipj 
iWl/t  ond  iw  iiTKifjf*^  t<r  rwf  as  a  irans/oniii'r  to  ertemal  eji'^njs/,  or  in  link 
ivjo  chemical  reactions  eo  o^  to  obtain  energy  from  one  f<n'  the  per- 
mofrance  of  ths  vther. 

2.  T/i^  iU'iiig  cell  as  an  enartfi/'trantfoniitn-^  in  addition  to  IJtn^  a<-tiorm 
(fl)  and  (fi)  of  the  enzi/mej  f^au  store  up  chenticai  enerfjy,  either  frj  jutJTt'j 
enerrjif  t'n  other  funtis  ajvl  conrerliny  it  iixio  chemical  eneif/i/t  or  hy  linldmj 
^JoBftTli  reaetions  ii/tj^ther  and  t/anf/cntt'n'j  fTiS  cf/eitrii^al  tynergf/  of/fttined 
'fi-am  eom«  itark  tu  ^lifMn'-aJ  t^if^'i/i/  'fhv'h  is  stored  up  in  ofhcrtt.  yinntbjf 
the  <-^l  ra»  modify  tin  <Kiiniic8,  avd  tdter  in  iU  (tcJ-ion  as  a  ti-anafoi'THEr, 
than'jing  entireiy  the  t^ourte  of  th«  rem^tioas  it  induce*  antl  the prod^ti* 
of-taiftfd,  f'hik  fhf  tffpe  of  action  qfths  &ittipi\t  is  iimpiej  ftfJ^tit^,  and 
mitir*dy  fij^L 

There  U  no  doubt  whatever  that  the  cell  makea  uec  of  the 
action  of  many  intracellular  enzyrncfl  for  the  chemical  trans- 
fonuBtionfi  it  induc^es,  hut  in  all  cfi.s^s  the  action  of  3iicb  cnzymea 
is  aiiapted,  controlled,  and  ro-onlitmt^  by  the  cell. 

It  ia  necesaary  to  point  out  that  the  above  view  as  to  the  action 
of  eiiEymea  ia  different  in  ooany  eaaential  points  Erom  the  one 
which  is  usually  accepted  at  the  present  time. 

The  currently  accspted  view  is  that  any  reaction  which  ia 
influenced  by  catalysts  is  already  proc^eJing  in  the  absence  of 
^the  catalyst,  and  that  all  the  catalyat  can  do  is  to  alter  the  speed 
of  reaction,  and  bring  the  reaction  more  quickly  or  slowly  to  that 
equilibrium  point  whieb  it  would  inevitably  have  attained  in  its 
own  time  in  the  ahaenec  of  the  catalyst. 

The  statement  Is  bastnl  on  the  fact  that  tlie  catalyat  ia  not 
itBelf  altered  in  the  reaction,  and  hence  neither  takes  up  nor  gives 
out  eiicrgy  to  the  ay^tcm,  accordingly  it  cannot  alter  the  amount 
of  eh^r^,  ^^^j^  system^ ~au^;in<^t  lead  to  the  same  equilibrium 
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point.  For  if  thp  equilibriiun  point  diflered  in  the  presence  and 
absence  of  the  eniyine,  tlieii  by  wutking  a  cyrrle  with  fUe  catalyst 
in  the  aolution,  then  removing  tlie  catalyst  and  eiceaa  prijducta 
of  activity,  and  replaciT^  the  catalyst  again,  eiieigy  could  he 
continually  maDufaf^tnred  from  nothing,  or  working  in  the  oppoaite 
rdtbecbion  enPTgy  could  be  destroyed ;  both  which  resulta  are 
oblKmily  contrary  to  the  law  of  conaervatSon  oE  energy. 

To  thU  leeaoning  the  following  objcctiona  may  be  taken  ; — 

L  The  assumption  is  wrong  that  becauae  the  catalyst  is  not 
permanently  altered  in  the  process  it  cannot  therefore  take  up 
or  give  out  energy  to  the  ay!ilem>  because  it  excludes  {it)  the 
poaaibility  of  the  catalyst  operating  upon  external  eiii^rgy,  which 
is  done,  for  example,  by  the  chlorophyll -bearing  cell;  (b)  the 
possibility  of  the  catalyst  uaing  part  of  the  chemical  energy  of  the 
aysteui,  to  run  another  reaction  in  which  energy  is  ubsorbed^  as 
i*  done  by  all  hving  cells, 

2.  Evi?n  for  catalysts  in  the  rRatrictRd  nense,  there  U  lathing 
in  the  reasoning  to  show  that  tht;  chtulyat  cannot  take  up  and 
give  out  energy  in  a  vibratilc  faahion,  so  that  as  a  net  result  its 
own  condition  and  amount  of  energy  ia  unaltered,  and  its  condition 
at  the  end  is  the  aame  as  at  the  beginning,  and  yet  by  this  raeans 
it  can  induce  a  reaction  which  would  not  w^cur  at  all  in  its  absence. 
For  eiample,  an  electro-motor  is  not  altered  at  the  end  of  a  period 
of  ninning  from  what  it  wan  at  the  beginning,  but  by  intermedi- 
ately taking  up  an  amount  of  energy  it  is  capable  of  converting 
a  largp  amount  of  electrical  energy  into  mechanical  energy  which 
would  never  have  occurred  if  it  had  not  been  in  the  electric  circuit- 
So  whea  a  chemical  reaction  is  abfinlfdeli/  stationary  on  accoiint 
of  opposed  ochciilar  attraotiona  present  in  the  molecule  having 
a  tendency  to  reacts  the  enzyme  by  imparting  momentarily  a 
small  amount  of  energy  to  the  molecule  may  overcome  the  mole- 
cular attractions,  and  in  the  break  up  of  tlip  molecule  may  receive 
bock  all  the  energy  pievioudy  givt;ii  out,  so  aa  to  remun  on- 
changed  in  the  process- 

Finally,  as  has  been  pointed  out  above,  the  presence  of  the 
catalyst  may  not  cause  the  reaction  to  proceed  completely  to 
the  equilibrium  point,  because  an  the  reaction  proceeds^  and  tbo 
concentration  of  the  substance  r^^cting  chaiLgcd,  the  potential 
tendency  backing  the  action  of  the  catalyst  may  fall  to 
jnh  a  level  that  the  energy  in  the  firet  stage  which  the  catalyst 
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5C  VELOCITT  OF  REACTION,   AND 

Tie  analogy  between  chemioiil  energy  trftuaformatJonfl  and 
those  of  other  forms  of  energy  is  bo  cluar  and  the  fiction  ia  ao 
obviously  of  the  same  nature,  that  we  may  suraniariae  the  action 
of  a  catalyat  or  energy -transformer  an  follows  ; — 

1.  The  atti&n  of  the  solnUe  or  urrofjavtit^d  eafalyst  or  enzyme  inay 
coojiist  (a)  in  co^ninencivtt  t  reaih'fin  lirhich  'i/^t&i  vot  jirtK^  ct  all 
in  it9  abtk^ee  ;  (/-)  in  aiteriji^  the.  tx-iGfiti/  of  ft  reaction  v-hifh  does /tro'-eed 
in  its  tihtteijrc,  nml  f^vh  adu/ft  may  im:  potiUvt,  inn-eaniittj  the^^it^l  nfthe 
i'«ar/i(?fj,  cr  neffative,  diimnivhirnj  ihti  njjeed  of  th'S  T^acfifm ;  fml  [<■)  the 
direftion  qfrtarJion  muf^i  aUcay^  he  (ojcaifi^  Vi^  point,  of  etptiWuiuta  ^  rw 
rfq/Snof/  f'n  ihc  jijffitiV'twi  /^e^iionj  b^av*G  the  eTH^me  ilote  TVit  f/iekl  enet'gy 
.-ilar^lf,  and  ig  iinafJe  to  art  ag  ^  trann/orm/^r  to  ejiemat  tfnf^'gtj,  <yr  to  link 
tu-fj  clteviitiid  rtcKiioM  to  tu  to  obtain  energy  frovx  one  for  the  per- 
mo/rafi'-e  of  the  other. 

3.  Tht:  lii/iug  I'sU  as  un  v^n^rgy-tvui^furisi^rt  in  o/Miti'jn  fit  /fie  wiions 
(n)  ajid  {b)  of  the  fnzi/rtiet  fan  ^torc  up  eh^nical  i'Tt^Tgyj  either  by  uwny 
eneTifif  ill  oihtr  funtia  and  conrertitttf  it  into  rhi^tiical  Gnti'ijy,vr  f/y  Htifiing 
Sf^vGraf  Ti^ar/iomi  tugothci'  artd  franefomiimj  ihe  ehetiu'''al  CTisr^y  ol/ained 
frat'i  srttjtie  bfh^k  to  '•hemiral  eTiejyi/  jrhirh  I'a  nforfd  tip  in  othfrv.  Fiunlly^ 
ihe  csJi  can  jnofUjy  its  tiriifiticsj  arul  (titer  in  tte  tKfion  of  a  tTa-ne/orm^r, 
ehanyifii/  entirely  the  courae  of  tfu  reartitrnti  it  inibices  (ind  the  j>rodHet« 
obtained,  trhik  the  lype  of  (Kfion  i^  the  ^izi/nif'  ia  simple.  eeJedii:^,  and 
entirely  f^fiL 

The^e  is  no  doubt  whatever  that  the  cell  niakea  use  of  th& 
action  of  many  intracellular  cnz>Tne9  for  the  chemical  trans- 
foncations  it  induces,  but  in  all  cases  the  action  of  aueh  enzymes 
is  adapted,  controlled,  and  co-crdiiiuted  by  the  cell. 

It  is  necpaaary  to  point  out  that  the  above  view  as  to  the  action 
of  ensyniea  is  different  in  many  eaaential  pointa  from  the  one 
which  ia  uauaily  accepted  at  the  present  time. 

The  currently  accepted  view  i&  that  any  reaction  which  is 
inflnenced  by  t^atal^'sts  is  alrejidy  proi^eeding  in  the  ahatnce  of 
the  eatalyat,  and  that  all  the  catalyst  can  do  is  to  alter  the  speed 
of  reaction,  and  bring  the  reaction  more  quicltly  or  slowly  to  that 
equilibrium  point  which  it  would  inevitably  have  attained  in  its 
own  time  in  the  absence  of  the  catalyat. 

The  statement  ia  based  on  the  fa{^t  that  the  catalyst  is  not 
itself  altered  in  the  reaction*  and  henee  neither  take«  up  nor  gives 
out  energy  to  the  avgtom,  accordingly  it  cannot  alter  the  amount 
o£  eher^,  ^^7^  SyalioDXi';444^^^  ^^  ^^  ^^'^  ^^^  equilibrium 
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The  analogy  between  cliemical  energy  tranaformatianH  and 
thane  of  other  fornia  of  energy  ia  so  clear  and  the  action  is  so 
obviously  of  the  aame  nature,  that  we  may  aujumariae  the  action 
of  B  cotalyat  or  energy- transformer  as  follows  : — 

1.  The  etdian  of  the  Mlnhle  or  itnojijauited  catalyd  ar  mit^y^n^  matf 
tovi^at  {a)  in  foTnta^'nsivg  i  refidum  icJiieh  tfost  no/  procped  at  all 
in  itn  ahumce  ;  (t)  \n  alltrri/ir;  fit*',  pffori/n  11/ a  TfOHitm  whirh  ilitft'  jiTOrpUf^C 
in  If*  afjgpiire,  arid  such  arU"n  ftiy  h*'  ^'oeificGf  iw^t'eaidrnj  rhf?  i*}.'eed  fj  th^ 
Teactioti,  or  Ti^ative,  tiiminitihimj  the  sjtevJ  0/  Ifte  rtiwUim ;  M  {c)  tJte 
diftetion  o/r/^adton  muai  alieaj/t  he  tomttrdt  tlic  paitii  of  equiUhnum^  as 
deJlTUfif  in  the  pm-ioit»  ventiofi,  ftetause  tAe  ejtztfim  dotm  not  ifiehl  enrn'sy 
ttvi/i  and  ip  urwWfr  to  act  a^  a  trajiaformcr  io  cj^.Umtd  arnrtfi/,  or  to  link 
Uito  dftrmiral  fsaetions  so  aa  to  ofjtain  energtf  Jrotif-  rme  for  the  per- 
iriu/ranrH  0/  the  oth^r. 

2.  The  living  t^etl  aa  an  energy-ti-d-He/ormer,  in  addUi<yn  to  the  Oftiofijt 
(d)  awf  (h)  of  the  ejtjyme,  ^an  stars  np  ehemkfd  eneryy,  &ifher  htj  usfriff 
^^''9y  '"  other  ftniTis and  fonrcHlag U  into  rhtmical  erKiyf/^  w  hij lialin'j 
iev^rai  tvaiiions  topt'ther  and  tratinfoi-jnijitj  the  cfiBinirnf  enfrffy  oJftnijHif 
fjfnit  KJiiiG  hack  to  ihenutral  ener^i/  inJiich  if  stored  up  in  vfJifrr*,  rifiaU'j, 
th&  cdl  can  vnjdifij  its  aetiviiics^  aind  alt^  in  its  aeiion  as  a  trantforrii&r, 
rhanffinif  ttJifely  fhr.  rttiri'n  of  the  reurtiov^  it  iwdureg  ami  iJi^  juttdtirts 
obtained,  whiif  the  type  of  adton  vf  tk'i  ensyme  ia  airiiple,  at/ectivef  atui 
entij'€lyji:refl.  J 

There  ie  no  doubt  whatever  that  the  cell  makca  uso  of  thi< 
action  of  many  intraretlidar  en^yme^  for  the  chemical  trans- 
forroatiooa  it  iiiduceB»  but  In  all  cases  the  action  of  s\icb  enzymes 
IB  adapted,  controlled,  and  co-ordinated  by  the  cell- 
It  is  necessary  to  point  oat  that  the  above  view  as  to  the  action 
of  eiizymea  ia  diiTeretit  in  many  essential  points  from  the  one 
which  ia  iiBuoUy  accepted  at  the  present  time. 

The  currently  ac(]<>ptecl  view  is  that  any  reaction  which  is 
influennpd  by  catalvRts  is  alroaily  proc^pding  in  tlie  absence  of 
the  catalyst,  and  that  all  the  catalyst  can  do  is  to  alter  the  apted 
of  reaction*  and  bring  the  reaction  more  quickly  or  slowly  to  that 
eqiiilibriimi  point  wbidi  it  would  inevitably  have  attained  in  it* 
own  time  in  the  absence  of  the  catalyst. 

The  statement  is  based  on  the  fact  that  the  catalyst  is  not 
itself  altered  In  the  reiictioTi.  and  benci?  neither  takes  up  nor  gives 
out  euergy  to  the  syatcm,  accordingly  it  cannot  alter  the  amount 
oi^eJMTgy  in  tw^  iyattm,  ai^i-m^JHt  li'ad  to  the  same  equilibrium 
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pomt.  For  if  the  equilibrium  poiat  differed  in  the  preaence  and 
mbBetice  of  the  enzyme,  tben  by  working  a  cyc^le  with  the  catalyst 
in  the  solution,  then  removing  the  catalyst  and  exceas  produiifca 
of  activity,  and  replacing  the  catalyst  again*  energy  could  be 
coatinuaUy  manufactured  from  nothing,  or  working  in  the  opposite 
direction  energy  oould  bo  destroyed;  both  wliich  results  are 
obvioiialy  coritrury  to  thp  law  of  conHervation  of  energy. 

To  this  reaaoning  tbe  foUcwing  objectioua  may  be  taken  :  — 
L  The  aaauraption  la  wrong  that  becanae  tbe  catalyst  is  not 
permanently  altered  in  the  proeeaa  it  cannot  therefore  take  up 
or  give  out  energy  to  the  s\"st0m,  beeauae  it  eJtcludea  {<i)  the 
poMibilily  of  the  oatalyat  operating  upon  eiternal  energy,  which 
is  do[:e,  for  examjile,  by  the  chlorophyll- bearing  cell ;  {h)  the 
posaibiLty  of  the  catalyst  using  part  of  the  chemical  energy  of  tbe 
aystcm,  to  run  another  reaction  in  which  energy  ia  absorbed,  as 
IB  done  by  all  living  colle. 

2.  Eveu  for  catalysts  in  the  restricted  aenae,  there  ia  nothing 
in  the  r^^HJAoning  to  ^how  that  the  catalvst  c^annot  take  up  and 
give  out  energy  in  a  vibratile  faahJon.  ao  that  as  a  net  result  its 
own  condition  and  amount  of  energy  ia  unaltered,  and  its  condition 
At  the  end  ie  the  eama  as  at  tlie  beginning,  and  yet  by  tbia  mcana 
it  can  induce  a  reaction  which  would  not  occur  at  all  in  its  absence. 
For  example,  an  electro- motor  is  not  altered  at  the  end  of  a  period 
of  running  from  what  it  was  at  the  beginning,  but  hy  intermedi- 
ately taking  up  an  amount  of  energy  (t  ia  capable  of  ccnverting 
&  large  amount  of  electrical  encrgj"  into  mechanical  energy  which 
would  never  have  occurred  if  it  had  not  been  in  the  electric  circuit. 
So  when  a  chemical  reaction  ia  abnAtUeltf  stationary  on  account 
of  opposed  molecular  attractions  present  In  tlie  molecule  having 
a  tendency  to  react,  the  enzyme  by  imparting  momentarily  a 
lall  amount  of  energy  to  the  molecule  may  overcome  the  mole- 
flttractiona.  and  in  the  break  up  of  the  molecule  may  receive 
all  the  enDrgy  prenouslv  given  out,  so  e,&  to  remain  un- 
changed in  the  procesa. 

Finally,  as  hiw  b^en  pointed  out  above,  tbe  presencR  of  the 
talyat  may  not  cnuae  the  reaction  to  proceed  complctdy  to 
c  equilibrium,  point,  because  as  the  reaction  procccdSt  and  the 
neentration  of  the  substance  reacting  cbangca,  the  potential 
tendency  backing  tbe  action  of  the  catalyst  may  fall  to 
ch  a  level  that  the  ener^  in  the  dmt  stage  which  the  catalyst 
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is  capable  of  yielding  is  insufUcient  to  caiise  tlie  cle&vage  Lo  occur. 
Hence  the  rcactioQ  may  ce&ae  at  a  dificrent  point  with  difFcront 
catalyflta  (see  p.  66), 

The  only  point  eaaentta^l  with  the  aiiople  type  cf  catalyst  ia 
that  it  aha!!  work  towards  the  eqiulibrium  point ;  but  it  can  cause 
movement  towards  that  point  not  occurring  before^  alter  velLicity 
of  reaction,  and  may  fall  short  of  reaching  the  eqailibnuin  point. 

The  experimental  evidence  with  re^^ard  to  the  action  of  enayniea 
IB  entirely  in  accord  with  the  \'iow  expreeaed  in  thie  article. 

If,  aa  has  already  beea  pointed  out.  the  appropriate  aolutiona 
on  wliich  the  iligestive  enzymes  act  he  kept  in  steriliaed  condition, 
not  the  slightest  change  lb  ohHcrvablc  in  any  one  caae,  no  matter 
how  long  the  Holntion  ia  preserved,  but  if  the  enzyine  ia  added 
ita  elTect  is  apparent  in  a  few  minutes. 

Further,  the  nature  of  the  reaction  and  of  tlie  products  formed, 
B,H  well  as  the  relative  amounta  of  the  latter,  are  often  determined 
by  the  nature  of  the  catalyst  added  to  the  eame  medimu.  Afl» 
for  example,  in  the  catalysis  of  proteid  by  pepsin,  trypsin,  acid, 
and  alkali  respectively.  Here,  in  all  four  c«^e>  the  products 
and  their  amounts  are  different  Are  wh,  then,  to  suppose  that 
aU  these  different  reactions  to  as  muny  diffi^rent.  equilibrium  points 
are  running  concurrently  in  atiy  given  proteid  solution,  but  at 
so  alow  a  rate  aa  not  to  be  observable  ?  It  ia  an  interesting 
theoretical  apeculation ;  but  it  would  appear  more  probable  that 
these  different  catalysts  possess  a  specific  affinity  for  attacking 
some  cleflnite  molecular  groupings  in  the  complex  proteid  molecule, 
and  in  each  case  started  a  reaction  which  was  not  possible  until 
that  particular  catalyst  was  present  iu  the  solution. 


Equations  for  Velocity  op  REAcnoN 

The  vanoufl  expreaaiona  deduced  for  the  value  of  the  energy 
Bet  free  in  the  reaction  give  us  the  driving  agent  in  the  reaction, 
but  the  unknown  values  of  the  rcsiatanoca  opposed  to  this,  and 
the  amount  of  the  effect  of  catalysts  upon  them,  render  the  velocity 
theoretically  indsterminaie  from  a  knowledge  of  the  energy  set 
free  in  the  reaction  only.  We  have  hence,  in  order  to  obtain 
formulae  for  the  expression  of  the  velocity  of  teactioa  under 
difTerent  conditions,  to  introduce   empirical  constants  to  denote 
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the  reaiataiice  bo  reaction  oF  tbe  aubatancea  concerned^  or  rather 
the  TGciprocals  of  these  re«iBtaQCe3  (that  ia,  the  cliemicftl  caD^ 
ductivitics).  The  vclc»cibv  of  change  of  each  substance  is  then 
proportional  to  the  product  of  the  osmotic  pressure  or  moleeular 
concentration  of  that  substance  and  the  constant'  which  repre- 
sents the  reciprocal  of  the  reHJstanee  to  change.  For  (as  is  shown 
in  deducing  the  cuiiditiona  of  equilibrium)  the  energy  ^et  free  by 
the  reaction  will  vary  with  the  osmotic  preBsiirc,  and  the  resist' 
anee  is  inversely  proportional  to  the  constant,  and  accordingly  the 
product  of  theae  two  is  proportional  to  the  velocity  of  reaction. 

In  &11  eases  the  tendency  to  react  is  proportional  to  the  osmotic 
pressure  or  molecular  concentration  of  each  substance  in  solution, 
and  this,  the  fundamental  law  of  chemical  kinetics,  is  called  the 
law  of  fiio&s  actioft.  When  two  or  more  aubstancea  lend  to  unit« 
to  form  a  single  suhetance^  the  tendency  on  the  part  of  each  sub- 
fttftnce  is  by  the  law  of  maaa  action  proportional  to  its  pressure 
or  concert  rati  on  in  the  solution,  and  hence  the  velocity  of  forma' 
tjon  of  the  combined  substance  will  be  proportioned  to  the  jtrodtKl 
of  the  concentrations  of  the  uniting  constituents.  Accordingly, 
in  any  equation  of  velocity,  the  velocity  of  formation  of  a  substance 
may  be  set  down  as  equal  to  the  product  of  the  concentrations 
of  its  constituents  in  the  solution,  multiplied  by  a  constant  (it) 
wliicli  represBntSf  and  is  the  reciprocal  nf,  the  resistance  to  the 
reaction.  The  value  of  k  will  hence  vary  with  the  amount  of 
catalyst  present,  with  the  temperature  and  other  factore  which 
alter  the  resistance^  but  these  factors  being  supposed  kept  constant, 
the  value  of  (^)  will  remain  constant  throughout  the  reaction. 

We  ara  now  in  a  {position  to  state  equations  for  tbe  velocity 
of  reactions. 


Let  two  suhfltanceSf  A  and  B,  in  eolutiion  react  to  form  two  others, 
C  and  D,  ftccorriing  to  the  equation 

A  +  B;f:C4-D- 

Furtbor,  lot  tlie  molocular  concentration  a  of  the  four  eubatancoB  (or 
their  osmotic  prestiiires  which   are  proportional  to   these  concentra- 


^  It  will  be  thovn  IftTcr  jp.  It^  rt  irq]  thdi.  thv  ossuTiipLloQ  (bat  Ite  rasiatancfl 

^DfftnQt   fhrnugticut  [he  reaaMcD   1b  only  nn   iLpproTimation,  and  tli&t  the 

mce  really  varies  BumevbHl  with  iIib  mtlo  betw^n  emtjme  anrT   fub- 
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tionBJ  bo  represented  by  r^,  tp,  r^^  rp,  ftnd  the  conalant  of  reaction 
fui-  conversioti  of  A  iimi  B  into  C  ftnd  D  (as  cipldiii^d  above)  bo  h^^ 
ltd  Ih*  CQJistAnt  for  renoticn  in  the  oppoyit©  divection  of  C  and  D 
iubo  A  iijid  B  be  /..H      Tbvii  tlio  rate  of  furiQiitioLi  of  C  um)  D  is  glr^n 


by  /,-. . 


and  tb^  rjita  of  fortoAtioa  of  A  and  li  (tbit  h,  of  dis- 


uppehmiu'e  of  C  and  D)  in  glvun  bj  A", .  co ,  f i>.  Hence  tbe  net 
velocity  of  formfltion  of  C  and  I)  is  tbe  diff*^reiico  of  those  two  gk- 
pi^^iMonx,  01',  ^1 ''a  ■ ''h  ~^"s  ^<' ■ 'V  B"t  Hie  velocity  of  reaction  is 
tho  Utnit  of  tin;  chiin;f43  in  concuntiiition  divided  by  the  chftnge  in 
time  when  both  cbanfl[e  ami  time  arB  inliTiitely  sTnall,  that  is^  velocity 

=  -  — *,  the  Jiegative  sign  bmng  iwed  because  r^  is  decreaaiag. 

AcEsoi-dmgly  tbe  eqiuttion  for  tbe  velocity  of  reaction  ia 


[!]■ 


'^/ 


I'A 


-  fc^  r(, .  <" 


Tbie  equ&tiiun  holds,  iinder  the  conditionfi  as  tc  can»taDcy  of  le* 
sistanco  laid  down  iibuve,  thnnighoMt  tbo  courae  of  tbe  reaction,  and 
lientie  if  a,  f',  '\  ajid  d  [iv  dlip  iiLEtia]  uioWulnr  [^iinceutrfitloiiB  of  the 
four  substances,  and  at  the  tiid  of  a  time  i^  tbe  moUcvibr  conccrtm- 
tions  of  A  £.nd  B  hnvt  changed  by  an  amoimt  -J,  and  be<'om@  'i  — ^i 
nad  fr-j:  reapectivelyf  while  C  nnd  D  hare  cbanged  also  by  an  equal 
amount  4-^',  and  becomo  i^  +  jr  &Dd  r/  +  ^  respectively,  then  tbe  eqUBtioQ 
bacuuies 


m- 


dt 


-fr,(rt-^)(//^;.)-A^(^-h.r]('i  +  ^). 


If  tlio  initial  conoEintiixtion^  uml  tbo  valuoa  of  ^|  lind  /^,,  are  known, 
the  coiix^e  []f  tbe  rcactii'^n  ra-n  arnnclingly  be  drtenuined,  and  tha 
amount  of  ^r  after  any  given  time  be  dobarmined  by  intcgnition  of 
tha  above  equation,  remembering  tbdt  when  '  =  0,  J'  -  0,  The  valiiea 
of  i,  and  Ag  cnti  be  deteimiiaed  by  making  meaauremente  at  euffi- 
ctently  dos©  interviiU  of  the  value  of  j  iit.  different  CinieH  din-iag  the 
reacLion,  the  iuitial  couceutratioD^  being  known  aud  substituting  in 
the  eqUJition, 

The  ratio  of  the  two  consta-nts  l-^  nnd  t{^  in  tbe  equation  for 
velocity  ef  reji,ction  \a  equal  to  tbe  value  of  tho  cunatant  K  of  tlia 

equation  of  equilibrlmn,  for  at  equUibi'iiini  —    ,~    is     xero,    bocaiLsa 

no    change    ii    oeeutTing    in    the    Kiibatouce,    therefore    from    tho 

eqUfttion  -  -=^  =  ^y^a-^&-  ''■■r^r-^Dr     ^^     hn-ve     at     &qi.ii]ibrium 
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but  in  tbe  equation  of  equilibrium 


Cj^.t^l 


K, 


therefore  K  —  -3. 

A, 

It  follows  from  thia  that  the  resisbauces  k^  and  A^  are  tbe  same  re- 
spectively iu  wbichever  way  the  reaction  IB  going,  aud  that  anything 
which  slows  or  hastens  respectively  the  reacldon  in  the  direction 
A  +  B  -»  C  +  D  must  also  equally  slow  or  hasten  it  in  tbe  direction 
A+B+-C  +  D. 

Menee  a  caialifit  or  enzipne  which  at  one  set  of  eancenirations  irtcreatet 
the  tt^ocity  of  a  reaction  in  one  direction  mttst  equally  ha^en  it  at  another 
*et  of  contentratioTtB  in  the  oppodie  direction.  In  other  aords,  all  cata- 
lytic acHcm  mud  be  reversible,  (^though  in  most  instances  the  equilibrium 
poijU  lies  ^  near  one  eTid  iJuU  the  acOun  of  the  enzyrne  on  the  vdodty  of 
reaction  in  one  of  the  directions  cannot  be  demondraled  erperimeniaUy. 

The  equation  for  the  velocity  of  reaction  between  two  pairs  of 
sabstances  A,  B  and  C,  D,  given  above,  can  be  much  simplifiedl,  if 
A  and  B  be  present  in  the  proper  molecular  concentration  for 
reacting  upon  each  other  at  tbe  commencement,  and  G  and  D  be 
initially  aWot-  For  then  the  initial  molecular  concentration  of 
A  and  B  will  be  the  same ;  let  it  be  represented  by  a  and  let  x  be 
the  change  in  molecular  concentration  at  time  t  after  the  commence- 
ment of  the  reactioD.  Then  the  equation  for  tbe  velocity  of  change 
in  X  at  time  t,  by  using  equation  [2]  and  remembering  that  a  =  6, 
and  c  =  d-0  becomes 

g=l,(a-^)^-fc,.^  [3]. 

Similar  equations  for  the  velocity  of  reaction  can  be  deduced 
by  using  the  aame  processes  of  reasoning,  for  tbe  other  types 
of  reaction  which  have  been  discussed  under  the  heading  of 
equilibrium, 

For  example — 

1.  For  a  single  substance  undergoing  conversion  by  molecular 
reaimugement  iuto  another  single  substance,  such,  for  example,  aa 
an  isomeric  change: — 
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where  a  and  h  ar«  the  origiu&l  molecul&r  coiicentt-atlotLS  of  tlie 
sobstaiicea  A  and  B,  and  y^  the  ehaogo  in  mokculur  eonceiilKition 
ttt  time  t.     TliU  i^uatiou  obvioiihly  tAkea  tbe  form 

fia      IT'      K-  ^ 

S.  For  a  i^in^de  auLntAiice  (A)  iiTiJ^rgatn^  conv^rflion  into  two 
fiubaLAnces  (B  and  C),  Uie  coniTnon  type  uf  fictitm  of  nuzjiuea  aud 
many  othi^r  oataljate  ; — 

where  a  ik  moli^cular  cont^entratiuii  of  iiiiigl4>  .siTtM^Dce,  /i  nud  r  tlioee 
of  RubBtnncoii  inta  wbicb  it  is  converted,  end  r  Uie  change  in  t^oncen- 
ti^tiion  m  tinif^  ^  If,  as  is  usutJly  the  nu^,  B  and  C  are  absent  in 
the  beginning,  and  a  abill  sUtEide  for  the  initial  concentration  of 
stibetance  A,  then  the  ec^uation  obviously  3?impli£«G  to 


^i-h{^"A'K'^ 


[^\ 


3.  For  couipl^ten^ra  we  irniy  J^dd  tlie  fui'tnulik  deduced  at  lengtb 

above,  for  when  two  rtubstnnces  (A  and  B)  react  to  form  two  others 
[G  and  D)— 

When  initiHlly  a-^h  for  A  «.nd  B,  and  c  =  ^  =  0  for  C  aud  D,  then 
the  equfttioQ  becomca 


dx 


;=-=*,  (n-r)"^^,^ 


dt 


m 


The  intflpTHtion  of  the  ahove  equjilionii  of  velocity  is  necesfiHry 
in  order  to  obtain  jr,  the  quantity  of  the  sababmice  (or  subfltriLtum) 
chnng«<l  in  r»  given  lime  t  by  the  action  of  any  catalyst,  which  iw 
tih«  quantity  ufliiallj  observed  iu  t'ap<nimontf*  on  re*i*:titiQ  Telocity, 
and  U  u^od  to  detGinnine  the  conaiiknt  or  constivntB  of  reiuition. 
Such  iute^rution  in,  bawever,  diSiruh,  nnd  louda  to  compUcatcd 
eipret^ions  for  the  value  of  x^  on  account  of  the  prcflence  of  the 
sBPi^nd  Tnfltober  on  the  rigbt-bani  Biile  prefixed  by  the  nRgaLive 
BiiP^.  Now  tbis  expression,  which  introduces  the  difficulty,  arifips 
from  the  mippmition  that  the  reaction  is  reveraible^  it  ia  the  b\" 
pre&'tjuit  in  the  eqiuition  which  reprt'sentb  the  tendency  of  the 
HubfltunceB  to  react  in  the  reverae  direction  from  right  to  left 
instead  uf  from  left  to  right. 
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Accord  Id  j^LVf  if  Uie  df^M  oF  rerersibjliby  is  amftll,  th&t  ib,  if 
iLe  equilibrium  point  lies  close  up  to  the  end  point  cnrrcniioo'Iing 
to  tbe  fiubatauces  being  pmcticiilly  all  cocirerteiJ  iulo  tbc  foima 
rept-eaented  on  the  riglit-bftnd  eide  of  the  equation  of  rMcdon,  the 
value  of  the  Aecond  eiprei'wioa  on  the  ligtit-bard  ride  of  the  equation 
of  velocity  b«oine8  v^ry  ttnoll  <*ompftred  to  tJip  vnlue  of  the  first 
expressicn,  aiiJ  mi*y  be  neglecteiJ.  That  ia,  the  r«ictiuii  mny  be 
t^en  8«  ruDDing  irrevereiUyT  diid  thix  i^  wbal  is  usually  done  in 
obtuuing  the  equatioca  for  the  \elocitj  of  most  reactions  wlticl) 
concern  \ia. 

ThiB  mBfins  thnb  in  thosa  cqiifLtionR  wbich  run  almost  to  cont- 
pletiDD,  the  Talue  of  the  constant  A',  is  small  compared  to  -tj.  Now 
tLe  constants  are  the  reciprocola  of  the  reKiataocea  xo  tbe  re- 
acttoti  rutiniji^  in  the  two  opposed  directions,  und  hence  tbia 
means  th&t  tha  re^istunce  to  Bur>li  a  reaction  running  from  left  to 
right  [fv  F^mall  conipaied  to  tlie  reaisLaui^e  for  it  running  from  right 
to  left. 

Ii  Tim[4t  be  pointed  out,  howEver,  tlint  in  the  later  stAges  nf 
the  rcftotinn  ninuin^  from  left  to  n^bt^  yvhen  a-j:  haa  become 
very  sm&ll  compared  to  J',  althongh  /t^  is  large  compared  to  i.-^  the 
ewond  expre^ision  may  ce&se  to  be  i^egUgible.  and  hence  altbough 
tbe  ec^ualion  obtained  by  neglect  of  the  Recond  ejtpreasion,  may 
truly  repi'p-aant  tbe  nmrfio  of  the  reac:ti<3n  tbraughoul  the  gitnitei^ 
piLTt  of  its  length,  there  may  be  &  dilFercnce  between  observed  and 
c»lcidttted  results  at  the  hUer  stages  iif  the  experiment. 

The  diecrepnncy  will  be  leee,  the  lower  is  the  initial  concnntiatiou 
of  the  sub^itrrttum,  and,  nn  we  Jmve  seen  in  speaking  of  equilibrium 
in  dilute  aolutiona  of  type  2,  where  one  substance  is  lesolTed  iuto 
two  othe.rfi,  the  eQiiilibriiim  point  lies  clo&e  up  To  complete  re^lution 
into  the  two  ,£ub.4tbnces.  Accurdiugly  foL  this  typo  uf  reiii:Lion  in 
dilute  solution,  which  includee  iill  the  digestive  prooe^es,  tha  second 
Gxpreaaion  cur;  be  allDwe<l  to  dj-op  withiiut  seuHlble  error. 

In  concentrated  KoIutionB^  for  Ihia  type  of  reliction,  as  the  re- 
nrtion  appronchen  completion,  and  ihe  tfrnhnri/  to  reverMon  begii^A 
tc  become  potent,  tbe  velocity  of  reuction  mu^t,  howevcE',  full  0% 
And  tbe  velocity  conatanb  calculated  by  neglwtiiig  the  reversibility 
exprea«io[]  (/l^/^)  mu^t  fall  ofl'  In  vnlue,  an  It  la  actWly  fotind  to 
do  by  eiperimeutJ 

Thiw  imporiauL  fact  has  been  ueglecte*!  hy  most  expenmenten*, 
and  the  drop  in  velocity  has  been  attributed  to  combination  botneen 
Che  cfitAlyst  and  the  productn  of  reaction.  This  explanation  of  the 
elTecb  of  products  of  rejvction  in  slowing  the  reaction  is   no  doubt 

'  ate  |).  72, 
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eTpdrimflctall^  correct,  for  the  ciiiiyiae  does  combioo  w\ih  thd 
products  or  one  of  ttem.  But  sucb  combmation  is  also  tte  pre- 
liminftry  stajjft  in  Ibo  proCGse  of  I'sverfial,  and  the  fermeDt  muat 
equjillv  coiribme  vlth  tht>  KubBlrriituTu  whan  thu  rtincttmi  is  ruuiLiiig 
from  \oH  to  ri^ht.  The  subject  will  be  rotnrnt^d  to  wbf>ii  tb« 
resiiltifl  of  eipevim ent  ui>uri  stmiig  solutions  of  t^rbohyib'ates  ai'e 
considered;  for  the  piesen*»  with  tbiri  word  of  warning  fts^  to  lb<a 
dangef  of  neglecting  the  reversaL  Factor  in  siicb  exipmronTils,  we 
may  proceed  bo  the  deriviktioii  of  bbe  eqiiatiouSi  Goujiei:tin|r  x 
tho  quantity  converted  in  time  if  and  the  velocity  constant,  when 
the  second  txprefision  is  tieglected  jls  smfill  in  v»ilue.  Sinca  tbo 
ec^-ond  constoiit  fulls  avpay  m  thia  procesa,  we  can  replace  A*,  by  t, 
when  the  typi™l  equAtions  bwoome  :— 

Nos.  1  aiLd  2.  Where  a  singla  sabatunca  undargoes  change  into 
either  oao  or  two  otheri  i^ —        , 

Tq  irnii^e,  UiiH  means  bhEit  the  velocity  of  reiLction  is  proportion^bl 
to  the  moleculur  coitcentration,  at  tbe  moment,  of  the  sub^taiice 
undergoing  chctnge. 

The  Eibove  tqiiation  can  he  written 


I-  'ft. 


this  when  integrateii  gives  -  lop  nut,  («- x)  =  t'^  +  const.,  and  since 
whtni  T  is  Of  /  ill  0,  the  constjtnl  is  -  log  nat.  a  =  i^oost^  Sabtiw^biog, 
we  get  log  uat.  a  -  log  nat-  {a  -  r)  =  if, 


e^ 


log 


a  — j: 


w, 


and,  for  the  vjilue  of  the  ccnstant  of  reaclioii, 

t      ^  a-x 

The  curve  showing  the  qun-ntity  of  enbatancs  chi^nged  iti  dilTerent 
tloiAA,  for  sncb  reikctionH  in  whioh  only  one  sub^tunce  andergoes 
chftUge,  ia  accordingly  &  Logarithmic  aurre. 


'  Or  indeed  any  iiuniljcr  of  cjtbers  \  Lbe  aauit  crju&llun  wduIiI  bold.  fi>r  elniiiple, 
far  &  trSglyCBride,  breakiBg  up  Into  three  meli^iiles  of  fatty  aclrt  anil  una  of 
glycerine.  ThU  ELrEsfin  becaiL>ie  there  is  only  ooe  flu[>aUnce  cbaDgiDg  on  tha 
lelE-huid  aide,  and  tbt  baclc  acLion  o£  thoie  on  the  right  tide  is  negligible. 
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Such  reactions  are  tended  mo&o-uiolecular,  and  include  all  tbose 
reaotioDS  induced  by  cuzymeSf  iu  which  a  single  substauce  breaks  up 
into  two  or  more,  and  the  quantity  of  ferment  active  throughout  the 
reaction  remaina  constants 

No.  3.  Where  two  substances  on  the  left-hand  aide  of  tte  equation  of  i^ 

reaction  react  to  form  two  (or  more)^  substances  on  the  right-band  aide. 

Here  the  velocity  equation  becomes 

~  =  k(,a-r){b-x)  [I], 

or  if  the  substances  concerned  (A  and  B)  are  in  equimolecular  con- 
centr&tion  a  at  the  outset — 

f  =  4(«-^)'  [2]. 

The  first  equation  [1]  may  be  written 

''■^ 

and  thift  j  (» ]  =  kdtt 

on  integrating  this  equation  yields 

-   Tlog  (6  -  jt)  -  log  (a  - 1)  J  =  ^  +  const. 

To  obtain  the  value  oF  the  integration  constant,  we  have  when 
\  —  0,  that  is,  at  the  start  of  the  experiment,  ^  -  0,  for  x  is  the  amount 
changed  at  time  =  ^  and  hence  when  t  =  %  3;  =  0.  Therefore,  substi- 
tuting these  values  in  above  equation,  we  get 

-,  I  log  h  -  log  a  I  =>  const., 

and  aubtl'acting  the  two  equations  we  obtain 

---^riog(fl-^)-log(fc-^)-J-log6-loga]  =  W, 

giving  for  the  velocity  constant  (A^) 

^  k%  before,  tbe  Qumber  of  aabsUnces  on  the  right-hand  aide  Uaa  no  effect 
if  tbese  do  not  react  bact  on  the  progress  of  the  reaction  from  left  to  right 


> 
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The  Hecond  equation  [2]  of  p.  59  may  be  written 

or  nnce  dx=  -  d{a-x) 

vhich  on  integrating  yields 

1 


a-x 


=  A^  + const. 


48  before  when  f^O,  ^^O,  bence  -  =conat^  and  on  subtracting  the 
two  equatioQH 

or  -''—    =kt, 

and  for  th^  reaction  constant  {k) 


Tbeeo  reactioDBf  where  two  Bubetancee  undergo  change  in  con- 
centratioQ  on  the  left-hand  aide  of  the  equation  of  reaction  when 
the  reaction  is  proceeding  from  left  to  rights  are  apoken  of  u  6i- 
mt3ifc%ilar  fYor/ioiu^  The  beat  known  examples  are  where  an  ester, 
containing  two  monad  radicles,  such  «s  ethyl -acetate,  is  saponified 
by  an  alluUi.  The  reaction  is  different  from  that  with  an  acid,  for 
the  allcHti  as  well  as  the  ester  is  changing  its  concentration  during 
the  reaction,  while  in  the  hydrolysis  by  the  acid,  the  hydrogen  ion 
concentnktion  which  affects  the  change  in  the  ester  remains  constant, 
and  the  water  produced  being  merely  added  to  the  water  of  the 
solvent  has  no  effect  on  the  prt^re^  of  the  reaction. 

TH-molecular  reactions  and  higher  ere  rare,  from  the  tendency  of 
the  reaction  to  break  down  into  stages.  For  a  tri-mdecular  reaction, 
in  which  three  molecules  react  together  on  the  left-hand  side  of  the 
equation,  the  equation  of  relocity,  supposing  the  three  substances 
present  in  equi-moleculsr  propcv^ions  ai  the  outset,  would  be 
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4  = 


2*  *i(-J-^)*' 


Ami  WT  mwr^,^  ^qoftcknu  em  be  ffvolTwi  for  eqaaEunxt  of  a  h:^)xar 


Wt  insv  aaw  dwb  on  co  cfac  exauniiuCioiL  of  titie  espcnznen^l 
nolo  on.  >?h«iur^  kfrrgpca,  and  lo  tfaf  inTeadguton  of  the  exceot 
to  wfucii  nek  'lOBs^'aciDaa  iirc  in  accord  with  the  eqnuigcu 
tlieoivi^cmLlj  -iadoced  aIxiv?. 

Ac  di£  imaec  t?  Ace  met  by  grvu  ftppArenli  drT^rgeziice  of 
expeomsual  rcgaJta.  ami  drffennt  sCatementa  by  different  ob- 
ftrrea.  Xore  r«^»ii:  work  haSv  Eu>w«^^.  t»niied  to  ^bow  that 
tbe  appu^u:  diacrepandea  afe  doe  lo  di£Eer«nG  oboerv^n  hAving 
vocked  fl£  ijrtfpfwi^  pormaofl  of  the  reactioiL  Uia£  there  u«  sev^nl 
ifilbntfu  Ekcoes  braved  Tbiek  discnrb  the  wLocitj  of  the  rea^tioiL 
when  there  ia  noc  doe  anention  given  to  che  relame  kmoanta  of 
cmuhn  ud  the  ^abntrutom.  on  which  ic  d£ta.  or  to  the  cooditiona 
obrafnfng  «  iibe  *?TtP?mie  -^ndii  of  the  reoctioci^ 

la  the  eaae  of  che  «nzyaiefl  it  had  recently  been  ^own.  parCk- 
cnkiiy  by  the  foean^hea  of  Horace  Bnwn  and  Glendfnning  and 
ftf  E.  F,  Anfiflnmn^  that  che  fimpEe  locnnthmic  law  deduced 
above  hofafa  onty  at  some  distance  from  the  begizming  or  end  of 
the  nactdon.  and  wtien  there  ia  a  doe  proportianality  between 
iermeDt  ami  labecrainni. 

The  expemnenta  on  veloatv  of  rtairtion  mAy  be  drnded  into  : — 
(1)  thoae  m  which,  with  i  coo^tauit  amonot  of  catalyst  throoghoot 
the  ezperimenr,  the  ronrae  -if  the  reaction  ia  fcilowed  from,  the 
initial  point  at  which  only  the  jobatrstmn  or  sobetance  opon 

1        f^    -  '■'■-■: 

'"  ■-!   :"    — ■     1-*,. 


whicL  the  uatalyat  &cta  is  present,  to  the  end-point  at  wluch  the 
HubatratuTTi  baa  been  aa  completely  converted  into  the  products 
of  reaction  as  la  possible  under  the  conditiona  of  experiment; 
(2)  thoao  in  which  the  effects  upon  the  velocity  of  varying  the 
eoncentratioQ  (n)  oi  ferment  and.  {h)  of  3ubstrntn.m  are  cbeerved 
in  the  earlier  stages  of  the  experiment ;  and  {'.i)  those  in  wlm-h 
the  eilecta  of  addition  of  one  or  other  of  the  products  of  reaction 
at  the  initial  atagc  arc  studied,  or  the  effect  of  addition  ot  reraovai 
of  auch  products  upon  the  end-point  or  apparent  equilibrium 
point  of  the  reaction.  The  experimental  meaaurement  in  all 
caaefl  \s  that  oE  thf»  ipiaiitity  or  perrpntage  of  thp  substratum  eOQ- 
verted  ir»  a  given  time,  and  thin  haa  been  measured  in  many 
diilerent  waye.  The  enzymea  vrhich  have  been  moat  employed 
have  bet'n  those  which  act  upon  starches  or  augara,  that  ia,  the 
fim.ylocIaatie  and  sucroclaBtic  enzymes  in  the  terminology  of  H.-E- 
Armstrong,'  but  recently  an  important  paper  has  been  communi- 
cated lij'  Rayli'tt  en  the  veloeity  of  reliction  caused  by  trypsin 
iu  different  proteid  solutions.  Determinationa  of  the  rate  of 
change  in  the  sugar  solutions  have  been  made  chiefly  by 
the  polarimctcr,  but  efitimationa  by  various  modifications  of 
Fehliag's  method  have  also  been  employed.  In  the  case  of 
Irypflln,  Bayliss  haa  used  the  method  of  determining  change  in 
electrie-al  conductivity. 

The  results  of  experiment  may  be  stated  either  in  the  form 
of  a  curve  in  which  the  co-ordinatca  represent  time  from  the  com- 
mencement of  the  experiment  and  percentage  of  aubatance  coo- 
verted,  or  by  calculating  the  valuefl  of  the  constant  of  reaction  (t) 
at  each  period  at  which  a  determiMfltion  ia  inade. 

The  velocity  of  reaction  induced  by  inorganic  catalysts,  and 
particularly  by  acids  and  alkalies,  has  been  the  subject  of  many 
reaoarchee  which  cannot  her*.'  bo  reviewed.  It  must  suffice  to 
state  that  the  reaulta  follow  fairly  closely  the  formulte  deduced 
above,  as  abown  by  the  close  values  obtained  throughout  the 
experiment  for  the  value  of  the  constant  of  inaction  deduced  on 
the  basis  of  the  formula. 


^  It  tR  pointed  out  that  rbc  oVIot  t«mlinl^]og;,  fimjlolytic^  kn.,  ie  o^wn  bo  con- 
fuoioo  wiiL  dcctiolydic,  Iiydroljlic,  Jtc,  liotauae  aaj.\lyLylio  mouiL  ihat  the 
BtiLTuh  IS  jiplit  up.  wbUe  clccLiDLfllc  ']iX6  not  ehoul  a  t|]IJtJug  up  of  cli^ctriaity 
bLiL  by   wt^auN  o£|  electrJdtyp   lieuuir  the  aiitbor  eijggujita  the  loore  miioita] 
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Id  tte  caae  of  dilute  oc^da,  ot^ting  upon  esters  or  upon  di- 
Bacchftridefl,  the  reactiijii  is  mono -molecular,  aitd  the  curve  show- 
ing the  ratio  of  percentage  convcraion  to  time  of  reaction  is  as 
the  formulEb  iniiicates,  a  logarithnuc  curvc.^ 

The  velocity  is  proportional  in  eaoh  case  to  the  diaaooiation 
of  the  acid,  that  ifl  to  aay,  to  the  concentration  of  the  hydrogon 
ions,  but  the  proportionality  \&  by  no  means  exact.  Thun  a 
0'5  normal  hydrochloric  acid  inverts  cane-sugar  at  607  times  the 
rate  of  a  0-1  normal  eolutioo,  although  ita  concentration  in  hydrogen 
ioDB  is  only  4-64  tiraea  aa  great,  Hence  the  negative  iona  of  the 
add  must  also  poga^ss  a  certain  si^condary  action  in  increasing 
tho  jiowfr  of  thfi  hydrogt^n  jous  ra  cAiii\yAi»,  a.^  suggt^st^^d  by 
Arrheniua.  That  this  is  the  cause  of  the  discrepancy  is  further 
ahown  by  the  action  of  the  icna  of  the  neutral  salt  when  present 
along  with  the  acid,  for  although  the  neutral  salt  alono  does  not 
catalyse,  the  presence  of  an  equivalent  amount  of  the  neutral 
potassium  salt  of  the  acid  used  increases  the  rate  nf  cfltalysia  hy 
the  arid  alone  hy  about  10  per  cent. 

An  application  of  this  inverting  power  of  the  acid  or  hydrogen 
ion,  as  a  teat  for  free  hydrogen  ions  or  acidity,  ia  of  great  import- 
ance to  the  biulogical  chemist.  The  methoci  ia  of  highest  value 
when  dealing  with  a  secretion  of  acid  reaction,'  where  it  is  im- 
portant to  deterniine  whether  and  in  how  far  the  reaction  may  be 
due  to  the  presence  of  a  feebly  dissociated  acid,  such  gis  carbonic, 
acetict  lactic.  Sec.,  or  to  a  strongly  dissociated  acid  sucb  aa 
tydrocUoric, 

Here  the  usual  lOf^thoda  of  titration  of  the  acid  entirely  fail; 
for  example,  a  deci-ncrmal  aolution  of  acetic  acid  will  give  on 
titration  in  presence  of  an  iridiiiator  the  su-me  acidity  as  a  deci- 
normal  Holutioa  of  hydrochloric  acid.  But  the  real  efTectJvc  acidity 
of  the  tW'O  flolutiona  ib  entirely  different,  the  acetic  acid  only 
posseasing  about  3  per  cent,  of  the  hydrogen  ion  concentration 
of  the  hydro*^h]orio  add,  and  being  in  consequence  for  moat 
physiological  purposes  correspondingly  weak  in  its  action. 


*  Sfe,  faiiiVtitfi^r.  Anuatrang  aad  CoMni'lU  TheBt  imthnra  flml  wilb  very  dilate 
ucH  ihit  LbuEe  ia  nu  initiHl  pifri^,  m  wtilclj  llie  niaoLJuL  coiiver[«0  lucreuKS 
nmra  thitn  pKi|H  irtiunally  Irj  thi-  lugiuHbjDfc  law,  In'hcblin^  nn  iipproaoh  lo  a 

-  A  Eimilnr  apptlc:ilEon  cin  be  marile  in  The  nasG  of  Jilkiilibf?  fioluljans,  in  do- 
teraiitiiDg  t^  iJiveraioD  tbo  coucentraiioji  ol  the  alkali,  or  bydrosyl  Eon, 
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CduM  the  tvo  acids  b«  obtaloed  in  pum  solution  the  deter- 

mmation  of  tbeii  relative  eficctive  acidity  could  eaailj  be  mfttle 
hy  meaffuring  their  relative  conductivities;  but  m  the  physio- 
logicfll  chemist  hae  to  deal  with  them,  &a,  for  esrample,  in  th& 
gastric  juice,  they  are  present  in  solution  with  inorganic  salts  of 
high  conductivity,  such  is  sodimn  chloride,  and  hence  the  electrical 
cDnductivity  method  /ails. 

It  is  just  here  that  the  method  of  determining  concentration 
of  hydrogen  ions  and  corresponding  effective  acidity*  first  suggested 
by  Oatwald  and  carried  out  esperimen tally  by  F.  A.  Hoffmann, 
becomes  of  such  imm«n£«  value  in  enabling  a  determination  of 
this  important  point  to  he  made  in  gastric  juice. 

The  best  aubstratum  to  employ  ia  methyl -acetate*  and  in 
nmng  the  method  recently  in  a  large  number  of  pathological 
cases  for  the  cktemunation  of  the  amount,  and,  by  means  of 
control  with  ordinary  ttlfation  methods,  the  nature  of  the  acid 
in  th»^  gastric  contentSj  the  writer  has  found  it  a  most  reliable 
method. 

The  recognition  of  the  fact  that  it  is  not  the  total  amount  of 
acid  or  alkah  in  a  accretion  or  body  fluid,  as  shown  by  titration 
with  an  indicator,  which  confers  upon  the  fluid  its  activity  or  modi- 
fies its  activity  as  a  catalyst,  or  as  an  active  agent  upon  Lving 
cells,  but  rather  its  effective  concentration  in  hydrogen  or  hydroKyl 
ions,  is  of  the  highest  importance,  and  the  supplying  of  methods 
for  dctcnrumng  such  factors,  of  which  an  example  has  been  shown 
abovCf  13  one  of  the  moet  important  services  that  phydcal  chemistry 
has  rendered  to  biology. 

On  passing  from  the  action  of  the  simpler  catalysts,  such  as 
acids,  alkalies,  an<l  inorganic  salts,  to  the  enzymes,  we  find  that 
the  disturbing  elements,  of  which  we  have  had  some  evidencea 
above  in  the  action  of  the  negative  ion,  and  of  neutral  salts,  in 
effecti.n^  the  catalj-tic  power  of  the  hydrogen  ion,  become  more 
predominating,  and  often,  eapacisLly  at  certain  istages  in  the 
reaction,  the  velocity  dops  not  experimentally  obey  the  logarithmic 
law  at  all,  although  the  reaction  is  quite  clearly  a  mono-moli^' 
cular  one. 

As  a  result  of  measurements  with  different  strengths  of  sola- 
"^one  and  of  enzyme,  and  of  the  experiment  only  being  carried 

lagh    the    earlier    stages    by    aoms     ohaervera^    while    others 

ied    on  observations    until   the   reaction    came    to  a,   stand- 
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very   different  ezpreaaione   were  obtained    for  tlie  law   of 
^locity  of  re&ctioQ  of   the   aamc  cntyme   upon  the  same   sub- 
stratum, and  it  is  only  recently  by  tlie  obaen-ationB  of  Henri^ 
Horflce   Brown    and  Glendinning,  E.   Frankland  Armatrong,   and 
Layliaa    tb&t  we   are   bBginniTig    to  be    able  to   understand   the 
*Qlt^4,  ami  tn  bring  the  ciifTerent  observation  a  into  accord   with 
Icne  another. 

O'SulLvan  and  Tompaon  were  tlio  first  obscryere  who  studied 
le  velocity  of  action  of  an  enEynie  quantitatively  throughout 
|the  course  of  the  reaction.*  They  employed  the  action  of  invertaae 
on  caiie-fliigar.  and  fnimd  that  the  reaction  was  mono-molecular, 
obeying  the  maaa  acticu  law,  and  giving  a  logarithiuic  uurvo. 
Hcnn,  however,  who  later  worked  at  the  Bamc  subject,  found 
ithat  the  v&kc  of  tho  eonfitant  K,  derived  from  their  fifiurea,  b 

mang  the  fonnnla  deduced  above  (p.  58),  K=  -  log ,  did  not 

\  t         a—x 

remain  quite  constant  tkroughout  the  reaction,  but  slowly  in- 
creased in  value  in  the  ratio,  for  example,  of  2\^H  near  the  begin- 
mng  to  332  near  the  close  o£  the  reactJoUf  thus  showing  that 
the  velocity  of    reaction  only  approximated    to  the  logarithmic 

Tammann,  in  a  Beries  of   reaearcKeH,  invpatigated  not  only  the 
action  of  in-vertase  on  cane-sugar,  but  of  emulsio   on  different 

iglucosides  (aalicin,  amygdaliit,  arbutin,  i&scutin),  and  found  that 
the  reaction  never  proceeded  to  completion.  He  observed  that 
the  velocity  of  reaction  was  retarded  in  increaatng  amount  by 
the  presence  of  the  products  of  reaction  as  these  accumulated  m 
solution.  The  percentage  which  remained  uiict>n verted  varied 
with  the  temperature,  the  concentration  of  ferment,  and 
the  concentration  of  substratuni,  Inereasing  the  temperature 
oauBed  the  reaction  after  it  had  come  to  rest  at  the  lower 
temperature  to  recommence  and  proceed  further  towards  com- 
pletion. With  ft  constant  quantity  of  eutyme  (emulsin)  in- 
creased concentration  of  substratum  (amygdahn)  increaaed  the 
total  quantity  converted,  although  not  proportionately,  the  per- 
centage   convereion    being    diminished ;    also,    addition    of    sub- 


i 


w 


'That  ifi  In  E-ay,  the  prngrciiE  uf  Ibi^  reaction  wLi.'d  a  rleQnliii]  HioDiint  at 
cTiivmp  tiflfl  hern  ndiied  inltlflllj  ;  the  effects  lyt  lamiion  in  aniouut  nf  et»*yrn€ 
acting  for  equil  Cijoei  had  previoasl^  been  fltodLEd  hj  Bmoke.  Schjitt,  and 
otbcni- 
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etratura  after  the  reaction  had  ceaeed  cauBt^d  a  fresh  Cjuantity 
to  he  converted. 

Removal  of  the  producta  of  eonveraion  also  ha^l  the  effect  of 
causing  converiiou  of  further  quantltiea.  This  laat  result  is  con- 
firmed  hy  other  obaerverB. 


yic.  3 


These  reavdta  uf  l^iiamEtnii  with  rejfard  to  the  alteration  of  tbe 
poditioQ  of  the  incomplete  end-print  by  precifielj  snch  fjiPtnra  aa 
iuflciem.'e  a  trtit^  equiiihrium  poLut,  ure  interestiog  In  view  uf  the  usual 
ntatement  that  tba  point  of  I'eet  in  svich  incomplete  reacUonfl  ure  so- 
c&Wi^il/nJi".'  eqiiililiiitim  points^  Th^it  the  eqnilibnuin  point  is  faUe  in 
tho  rtcnae  that  it  ciinnot  be  reached  hy  tlie  tjLme  catalyst  working  in 
the  reversed  direethm  mii^t  be  nc^mitteil,  but  it  \s  a  F»1se  equtlihriom 
point  in  ihia  aenae  onlji  and  as  fiir  as  the  entlie  syfttcm,  iinMiiig 

the  t^niifiU,  18  concerned,  for 
the  given  concent rji lions  and 
tomporjiture  it  is  in  true  eqni- 
libi'iuin  at  this  point,  else  why 
fihould  tlio  nyrtem  come  per- 
ma.nentl^  into  reab  and  the 
reaction  ceaso  j  As  hn-s  heeQ 
pointed  out;  above,  the  ndlion 
of  the  c^trilyst  ia  to  diminish 
the  lesi^tnneu  npposod  to  the 
driving  force  due  lo  eucrgy  set  free  in  the  reuction.  Kow,  as  the 
fiystem  fLpppoac'hes  the  ti-ne  or  absolute  equilibrium  point  which  jt 
would  rend)  in  the  abeeoc^  o!  re^siatance-  the  driving  foi^^  diminiiihQB, 
and  the  movement  ii^fkiupt  reei^nce  will  oGose  At  c  poirt,  dependent 
upon  the  power  uf  Uit-  nitalyst  in  diminiEhing  the  resiBiimoe,  short  of 
tho  equilibrium  point  for  no  re.^ietance,  in  no  mfttter  which  direction 
the  renction  is  proeepding. 

The  m^ttei'  may  be  illuatmted  grophIi:c11y,  n&  in  the  ftnneaed 
diiipram.  Let  the  hmiiontal  line  XX'  represent  tlie  path  of  the  reaction, 
the  eubatance  being  fiiippifsed  to  be  all  in  one  form  JttX  and  all  in  tlie 
other  fumi  at  X.^.  at  inteimedjuto  points  varying  perceotaiteH  are  in 
the  two  forms.  Let  the  curved  lint,  by  it*  height  above  XX',  repre- 
sent the  opposition  to  reaction  ^  at  each   atage.     Then  the  opposition 

J  Thil  is  jj,  where  R  i*  reniitanco  and  P  iLe  putential  toading  lo  rMClion 

of  which  F    remains  npproximatBlj  coosl'iitit   wbUs  P  coatiauallr   diminiBbfi 
pa  the  cqnillbriani  point  is  npproacbtld,  hoDoet  as  flhtiwa  in  tlie  diugniiu,  llio 

opposition  to  reacLiun  p  mcreaioe  at  lbs  eqaillbrlum  point  b  approached. 
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where  It  in  low  will  be  DVercoine  up  to  a  ccj-tiLin  diFrtiLiice  from  either 
ide,  depyndetit  upon  the  povrer  of  tbe  dLtoiyst^  A  cnt&l^at  oF 
uf^oient^  power  will  carry  the  resttian  up  bo  the  Kunte  pointy  in  no 
ittcr  which  direction  tho  chaDgo  h  g*^iiip,  fhi»  poiut  ia  what  is 
OfUiuirily  aille"!  the  ef^uilihrium  pointof  trna  eqiiilibxium  poirtt  But 
for  a  lesa  powerful  i-ELUil^st  the  Jiuj^rAm  shows  that  there  will  \it;  tvru 
poiTits  of  «quilihrium,  one  on  each  dcl^,  accordiiig  to  the  direction  in 
vhich  lln^  rtiuetiou  in  ]>['uceediiig,  e^^oh  fEiUing  «hort  uf  the  true  or 
{olute  i>quilibrLum  point-  For  i>xnmpLQ,  n  c^atalVE^t  which  by  i-«fi,aou 
iu  properties  ii.nrl  poncenlTation  han  a  power  I'eprBsented  as  aC 
.A',  will  when  th«  reaction  ia  proteodin^  in  the  direction  from  left 
right  (X  to  X')  cun-y  the  renction  up  to  the  point  a,  nnil  the  Bjstem 
ill  be  in  equilibrium  theie,  iLud  when  the  reimtiou  is  proteoiiog  iu 
IS  opposite  'lireetion  (X '  to  X)  will  vnny  the  reaotion  tip  to  a^, 
find  letkve  the  systeui  in  equHibriiiui  there.  Hence  it  i^  ^uite 
erroneoufl  to  ^peak  of  these  equilibrvam  points  m  incomplete  re- 
?ttona  tis/afufi  equilibrium  points,  fnr  under  the  given  conditions  the 
^atem  is  a*  truly  in  equilibrium  as  it  would  be  if  all  reeiatttnce  to 
reaction  were  removed  and  it  had  rarich&d  the  absolute  equilibrium 
li  in  (he  ahAence  of  a  cabnlyet. 

Barth^  and  later  Duclftux,  iound  that  ia  the  earlier  part  of  the 
reaction  induced  by  invertase  upon  cane-sugar,  when  moderately 
concentrated  aolutinos  were  used,  that  the  amount  oE  the  sugar 
hydroljaed  was  not  proportional  to  its  concentration.  Thus  Barth 
observed  that  using  the  same  amount  of  invertaee,  and  varying 
the  concentration  of  sugar,  that  between  5  per  cent,  of  augar 
md  15  per  cenL,»  practically  the  same  amount  was  hydrolysed 

Tn  equal  time.  Below  5  ptr  cent,  the  amoiiut  hydrolysed  increased 
with  the  concentration,  but  not  proportion ately^  so  that  the  per- 
■ntage  hydrolysed  was  leas,  and  with  percentages  higher  than 
15,  the  absolute  amount  hvdrolyaed  actually  fell  ofi}  Duclaux 
further  shewed  that  with  the  eame  concentration  of  enzyme  and 
sugar,  the  amount  hydrolysed  up  to  the  point  at  which  20  per 

lucent-  had  been  inverted  was  ainiply  proportional  to  the  time,  so 
that  the  curve  representing  the  progress  of  the  reaction  up  to 
iiA  point  waa  a  straight  line  and  not  a  logarithmic  curve.     At  a 


'  Tblfl  ifi  ]u»t  thv  oppmsELt  rccuU  lo  thai  oblained  in  the  cnse  cf  bydroljaii 
ifilib;  here  Lbe  amuunl  hydrutjiied  Inureoars  mon>  than  |>ropt>itlciia[e[y 
lucreue  tn  coiicprunillon  of  Iha  miliar,  no  that  tbi?  valae  of  llie 
E   Ls  ]Dorea.««d.      Uee  K.   ¥.   Armiuong,    'Tree.   Kay>   Eoc^,"   1QI>1, 
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later  stage,  as  a  result  actdrding  to  Duckux  of  the  retarding 
action  ol  the  products  of  reaction,  the  curve  begaii  to  obey  the 
logarithmic  law.  Hcari  later  showed,  however,  that  even  in  thJa 
portion  Duciaux'a  resulta  do  not  give  the  logarithmic  law,  the 
constant  K  all  the  time  increasing  with  the  progreas  of  the 
reaction, 

lu  an  ejcteiiHive  dcriea  of  experimenta  on  the  inverfiiaii  of  caoe- 
augar  by  iovertase,  Henri  showed  that  the  value  of  K  calculated 

1  a 

on  the  baaia  K=  -  log continually  increased  throughout  the 

reaction. 

He  based,  on  the  fact  that  the  value  of  the  constant  increased 
with  the  percentage  of  invert  eugar,  an  empirical  formula  in  which 

the  conatant  K  we^  replaced  by  K^  I  1  -f  f  ).  bo  that  th»  equation 
for  velocity  of  reaction  became  j *    —  "^  I  ^  +  '^     1  ('*  —  ^)'  leading 

on   integiatioQ    to    Kj  [1  +  c)=  -     log  ^^  +  log(  I  +* " )    ■ 

Calculating  the  value  of  the  empirical  conatant  f  from  hia  experi- 
mental results.  Henri  found  that  it  varied  within  narrow  limits 
around  the  value  unity,  and  henoe  the  above  formula  simpliiica  to 
__       I   .     aH-a= 
^>  =  21  ^^»  .— .■ 

The  formula  utiii^d  by  Henri  was  that  deduced  by  Ostwald,  to 
satisfy  the  condition  that  the  products  of  reaction  have  an 
ticc^leratlmj  influence.  But  the  accumulation  of  product*  of 
reaction,  or  their  addition  at  the  beginning  of  the  reaction,  in 
the  case  of  the  reaction  of  invertaso  upon  caae-sngar,  aa  shown 
experimentally  by  Henri  himself,  retard  the  reaction  instead  of 
accelerating  it.  The  formula  can  hence  only  be  taken  as  an 
empirical  one,  and  not  aa  showing  that  the  increase  in  velocity 
above  the  logarithmic  value  is  due  directly  to  the  products  of 
reaction.  The  fonnaJa,  however,  aa  demonatrabed  by  Henri,  gives 
a  oloae  approximation  to  a  oonataot  both  for  his  own  results  and 
those  of  earlier  experimentera,  and  hence  is  to  be  preferred  to 
the  aimple  logarithmic  formula- 
Henri  showed  e:^ peri meiit ally  that  the  invertin  is  not  attacked 
or  altered  during  the  reaction-    He  also  demonstrated  that  the 
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retarding  action  of  the  products  of  reaction  ie  due  almost  entirely 
to  tHe  tructoae  and  not  to  the  glucose,  a  result  of  preat  interest 
in  view  of  E.  Fischer*H  discovery  that  it  is  only  those  disaccharidea 
wliirh  yield  fructcse  on  hydrolysis  which  are  acted  upon  hy  in- 
vertaac,  and  showing  that  it  is  the  fructose  to  which  the  enz>'me  13 
adapted,  prohably  by  poase^aing  such  a  chc^mical  eonatitution  that 
it  fomiB  an  un^tahle,  inuomplctc,  equilibrium  compound  with 
that  particular  Lexose. 

Henri  further  examined  the  action  of  eraulain  upon  salioin, 
and  here  fcund,  contrary  to  the  preceding  case,  that  the  velocity 
of  reaction  was  leas  than  that  indicated  by  the  logarithmic  law ; 
while  in  the  case  of  the  action  of  amylase  upon  starch,  which  he 
lalao  tested,  he  found  that  the  law  was  cloaely  obeyed. 


In  addition  to  the  empiriiial  formuln  given  ahovo,  HonH  hjis 
deduced  a  flcmewhnt  complicated  equaticu  on  a  theoretical 
which  yields  for  all  the  three  onEymt'S  worked  -witli  &  fairly 
concoi't^imc*?  willi  itie  experimental  results  ohtjiined. 
Henri  riupjhjn^A  tliut  (he  enLVuie  is  In  part  fi-»e,  111  part  comhlned 
with  the  bydrolyte  or  Kub^trntum,  and  in  part  ooTobmed  with  one  of 
tlie  products  of  rt&ttioo.  Further,  tlint  tlje  latter  purtiouB  in 
coiubinutioo,  ore  unatablo  and  determined  by  the  udu^L  equatioua 
[of  equLlihi-ium, 

Utiliiiing  tbefie  equaUonflf  and  on  the  supposition  that  either  the 
rfree  ferment  or  tho  portion  combined  with  Lhe  cane-sugar  \s  rasipon- 
leible  for  the  reaction,  tiie  Following  exprecutioiL  can  be  deducad  for 
le  velocity  of  reaction^ 

di  ~l-\-m{ft-x)-\-nx* 

which    III   and   n  ara  tlie   two  eqidlihrluni   conatKnts  of   the  two 
[coinpoundd   of   tho   ferment  with   the   cane-augar   and   fmcbooe   ra- 
tpectively. 

This  equation  on  integration  yields 

^~  ,   \  On  -  n)  -  -t  II  log       -      + ,  log  - 

From  his  ezperijoental  data  Henri  deduced  the  vahiaa  m  =  SO, 
20.  In  the  case  of  em  ul  lain  acting  upon  sail  do,  where  the 
(velocity  of  reaction  i^  Jeen  than  that  demanded  by  the  eimplo  loga- 
rithmic formak  and  contioijouAly  decreases  aa  tlie  reaction  advances. 
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jLGcordiiig  to  HenHf  the  eqiiilibriuia  coiLubnntti  for  the  compoundfi 
betwooii  tho  onzynto  ami  the  L^wo  bodie!-^  to  wliioti  it  is  uaiteU  nra 
the  oUiar  way  ramvi  in  i^l^iiiive  raiigiiiUido  (rti  =  40,  ftinl  n-120): 
fkuil  on  tukln^  th^Hs  tho  v»ilim  of  tbo  coQ^tiLnL  does  not  dacr^ae 
bub  varieH  Alighr^Lj'  nround  4  m^An  vnlue.  For  A.Tn3'!cNe  acting  upon 
staix^bi  wLere  thti  loguritbrnlc  Inw  ia  followedt^  aucoriling  to  Henri, 
tba  yiUae  of  rrt  nnd  »  &r«  eqii^l.  It  must  bo  a.dmitt9d  tbo-t  thia 
ingenious  liypjtliesiis  and  formuli  of  Ileun'is  ara  ciLpable  of  eAplFiJa- 
iug  tho  deviationri  on  both  sidea  From  the  logdritbmic  Uw;  but  thoy 
do  not  furninh  an  exph^nnUon  of  t.b<«  experimttntiii  ob^emition^^  of 
JE.  R.  Armstrong,^  to  bo  described  Entor,  tbat  thers  ia  fii-ati  a  linear 
period,  thaM  a  parioi]  whan  tbe  velocity  constant  c]kli?i.i1afreii  hy  the 
SLUipEc  iGgruitlimic  foLuiuli  incrojuo^,  and  £LuU]y  0,  j^eriod  wbou  the 
constant  decreasea. 

An  interesting  difTerence  iq  action  betweer  diAst&se  of  utalt 
and  the  pnucre&tic  juice  obtained  by  the  action  o£  aucretiii  U 
noted  by  Henri.  It  has  usually  been  stated,  that  tbe  same  total 
amount  of  starch  is  h^drolysed  by  diastatic  enzymea  in  the  aame 
tipae  ijid@p(?ndent]y  of  the  coneentration  of  stareh  in  tbe  solution  ; 
but  Henri  found  that  this  only  holds  for  more  concentrated  aolu- 
tiuQB  uf  starch,  and  the  limit  at  which  the  velocity  of  hydroLyaia 
becomes  corLstant  varies  in  the 'case  of  the  different  diastaseH. 
Thus,  in  the  case  of  diaataac  af  malt,  the  quantity  bydroi3'fled 
increases  with  the  concentration  of  the  starch,  solution  until  ft 
strength  of  075  per  cent,  has  been  reached,  after  which  the 
amount  hydrolysed  in  a  given  time  becomes  constant ;  while  in 
the  cade  of  the  amjloae  oE  the  pancreatic  juice  the  maximum 
conversion  is  cot  reached  until  the  concentration  passes  3  per 
cent.  The  result  may  be  due  cither  to  a  greater  concentration 
cf  enzyme  in  the  pancreatic  juice,  or  more  probably  to  a  more 
powerful  enzyme. 

Variation  in  the  concentration  of  cane-sugar  in  the  caae  of 
invertaee  gave  the  result  that  in  dilute  Holutions  the  velocity 
increased  with  tho  dilution ;  in  solutiona  of  intermediate  strength 
(3"5  to  18  per  cent.)  *  the  velocity  ia  independent  of  the  concentra- 
tion ;    while  in  more  concentrated  solutions  the  velocity  actually 


'  Sdc:.  faovBVflr,  HomcQ  Brown  nad  Qleudioaiag. 

'  Aruifllrun^  poiiita  ouL  Ihati  &  &[mila.r  eSact  is  §Beii  id  the  mEtBAurenifliitB  I17 
Komce  Brown  and  Glenc^innlng^ 

*TliLt  Is,  O^ttoO'g  narm&l  En  eanS'flngar. 
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I  off,  Theae  results  are  aimilar  ttj  those  of  Barth  mentioned 
laliove.  Similar  results  with  regaril  to  the  variation  of  the  hj^irtilyte 
in  concentration  wen?  aiao  Dijtamed  for  the  diction  of  einulain  on 
■alicin. 

In  accord  with  U'r^uUivan  and  Tompaon.  Henri  found  that  ^ 
within  limita  in  which  tbo  enzyme  was  not  too  concentrated  the 
amount  of  hydrolysis  in  the  case  of  iovertose  and  cane  sugar  was 
directly  proportional  to  the  concentration  of  the  enzyme.  The 
law»  governing  the  velocity  cf  reaction  have  alao  been  studied 
bj  Adriao  Brown  in  the  oaae  oE  zymase  for  conversion  of  glucose 
into  ^cohol,  and  for  the  action  of  invertaac  upon  cane-eiugar-  In 
the  case  oE  the  abohohc  fi^nnentation  it  was  found  hy  this  author 
that  the  velocity  of  reaction  waa  not  represented  by  a  logarithmic 
curve,  but  by  a  straight  linSj  that  is  to  ^y,  the  velocity  of 
reacbion  waa  constant.  On  the  other  baud,  it  wjis  found,  as  in 
Henries  experiments,  that  the  velocity  of  reaction  in  the  case  of 
invertase  and  cane-sugar  increased  more  rapidly  than  it  ought 

on  the  basis  of  the  logarithmic  law,  the  value  of  K  =  -  log  

LioiBa«ng  flteadily  throughout  th&   Beries,     Adrian   Brown    also 
obtained  simitar  results  to  those  of  Barth.  Ducbux^  and  HenrL 
for  variations  in  oonecntration  oE  the  cane-sugar  in  not  too  dilute 
solutions,  the  amount  converted  showing  a  constant  weight  and 
not  a  conatant  proportioD  for  equal  times.     To  explain  thla  reault, 
he   supposed   that   a  compound   ia   formed   between   enzyme   and 
sugar  which  persists  for  an  appreciable  time,^  and  that  as  a  result 
a    molecule    of    enayme    can   effect    only    a    hmiteii    number    of 
complete  molecular  changes   in    unit   time.      Accordingly,  what- 
ever the  available  concentration  oE  sugar  may  be  at  any  given, 
instant,  no  increase  of  conversion  above  a  fixed   maximum  can' 
occur.      It    is   hence   only   when   the   concentration   of   the  sugar 
falls  below  a  certain  deEnite  level   relatively  to  the  amount  of , 
enayme  present  that  the  amount  of  conversion  can  fall    below ' 
this  maximum,  and  the  velocity  of  reaction  can  begin  to  obey 
the  logarithmic  law.     It  is  hence   only  in  dilute  solutions  (com* 


^  It  ifldiiGcult  to  «oe  whyau  appreciable  time  ii  Iiuietifd  upoo;  all  tbe  renaoa- 
ingfQlloK'b  whatQirer  bo  the  tmic-inten-Al  of  the  combJnatiDD,  fraiJi  nn  hour  %o  Ji 
millioEith  of  a  dCQdQd;  tfao  luaniaptloti  required  r^aUj  ia  that  Ihc  tiiac- interval 
uT  the  ctjmbiiiiiliuu  eball  Le  cojiBUuilr  in  ali  C'Sma,  no  nmtter  how  LLe  cij[ii:cEitm' 
tioa  varJEa. 
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pared  to  the  amount  of  ensyme)  that  the  amount  of  sugar 
ron verted  per  unit  time  can  be  pmportinrfll  to  the  amnunt 
present,  ami  this  condition  Adrian  Brown  fuutid  to  be  experi* 
mentally  realised. 

It  is  cl£!ar  that  this  conception  of  A.  Brown'a  ia  really 
coincident  with  that  of  Arrhcniua  of  the  '^  active  raass,''  appUed 
later  by  E.  R.  Armstrong  to  thia  reaoiion.* 

The  catal^'ais  of  starch  by  the  action  of  diastase  waa  iiesft 
BtudieU  hy  Horace  Brown  and  G  lend  inning,  who  showed  that 
the  velocity  curve  in  this  cose  also  ia  at  first  represented  closely 
by  a  straight  line,  but  later  approxiniatoe  to  the  logarithmic  curve. 
These  authore  also  assume  a  combination  between  the  enzyme 
and  its  substratum,  and  that  at  first  the  concsnttatiou  of  enzyme 
ia  »nmll  ooinpareJ  to  that  of  the  subatratuni.  A*i  before,  as  long 
aa  the  amount  oE  hydrolytc  is  large,  the  amount  of  combined 
hydrolyte  and  enzyme  will  remain  c-onstant,  the  amount  therefore 
converted  in  unit  time  will  remain  constant,  and  the  velocity 
curve  will  he  a  straight  line.  Later,  when  the  concentration  of 
hydrolyte  falls  off,  the  amount  in  comhmation  will  begin  to  vary 
directly  as  the  C4jncentration  at  any  mucject  ct  the  hydrolyte  and 
the  logarithmic  law  will  begin  to  hold. 

It  remaine^l  for  E,  R.  Armstrong  to  demonstrate  experimentally 
that  there  is  a  third  phase  in  tbe  course  of  tbe  same  reaction,  auc- 
ueeding  the  |>eriod  at  whieh  the  rofistant  calculated  on  the  simple 
logarithmic  basis  had  been  increasing,  in  which  the  eonstant  begins 
to  diminish.  This  later  stage  is,  according  to  Armstrong,  due  to 
a  removal  of  erufiyme  by  combination  with  one  of  the  products 
of  reaction. 

The  espeiiments  of  E.  R,  Armatronp  were  niade  upon  the 
action  of  the  enzymes,  lactase,  emulein.  and  maltaj^e  upon  lac- 
tose and  maltose,  and  show  clearly  that  there  are  ^lAges  in 
tbe  reaction  varying  In  extent  with  the  particular  enzyme  and 
hydrolyte^  and  with  their  relative  and  absolute  concentration,  in 
which  the  curve  of  velocity  la  (1)  rectilinear,  (2)  logarithmic,  and 
(3)  falling  off  from  the  logarithmic  curve.  To  explain  the  reaulta, 
the  author  takes  as  his  basis  the  "active  mass"  hyp3tbeais  and 
the  formation  of  combinatioiiB  of  the  enzyme  both  with  the 
flubstratum   and    with   one  of   the    products    of  reaction.     The 
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conception  of  an  '* active  system^'  ib  introduced  on  the  liTpo- 
theaie  that  the  enzyme  acta  upoti  a  portion  of  the  sugar  only 
ftt  any  given  tim«,  if  S  be  the  total  amount  of  aug^r,  and  s  that 
portion  which  ia  in  comhinaticn  with  an  amount  of  enayme  r ; 
'*  it  will  he  convenisnt  to  speak  of  the  combinatioTi  s  +  c  aa  the 
active  si/stein.^^ 

The  author  divides  the  cocaideration  of  the  qucfition  into  four 
B«ts  of  conditions,  which  may  be  given  in  his  own  words,  as 
follow*  ;— 

"due  I.,  m  which,  whatever  the  amount  of  sugat  present,  the 
qusutil)'  of  etiijm©  is  rdixtively  small. 

"  Cmc  //..  iu  which  thi're  is  a  ilifffiencu  fixim  Oaue  I,,  ituismuch  ae 
the  qijEuititj  of  en^jme  le  relatively  conf^ideni-bEp, 

"  Cfinc  IH.j  in  which  the  ftntounb  of  eiuEyine  diininiaheii  o^  the  Mition 
proceeds. 

"  Cti^  rV.^  in  which  the  ninoiint  uf  Bugar  pr&ient  \n  varied, 

"  CttfE  I. — Aw  bydroljeia  pn^coedii,  aBsumin^  that  the  enzyme  itseJf 
ifi  not  afTectefl  hy  tin*  woik  it  tIucs^  since  the  mngnitiiiiB  of  the  active 
syatom  depc^iiJ.s  on  the  amount  of  enzyme  pJtseuti  it  va  obvioue  thjLt 
ID  the  iiaJtial  sttLges  if  the  tutiil  amouxit  of  the  KugHr  pr^gent  S  be 
large  compnred  with  »,  the  euiyme  will  he  Iu  pte^ence  of  enough 
Bugi^r  moJccfilefL  tt>  pglfibli^li  the  mnKiinitm  pot^^ble  number  of 
elective  romliluationa  ;  or,  in  either  wor^U,  thd  lujigiiitude  uf  the 
active  syetem  will  rc^innin  constant  niid  the  change  will  bo  oJtpPOB- 
Bible,  ^%  Brown  and  Glendinning  have  pointed  out^  as  a  linear 
Fonctaoa  of  the  time,  Aa  hyilrolysis  proceedti,  the  umoiint  B  of 
Biignr  present  decreaaei^  until  it  ib  no  tonger  negligible  compared 
with  that  Ejf  the  uctive  prub  4,  and  hence  the  cn^^vme  will  no  longer 
effeet  the  muxlmuni  possible  mimhcr  of  combiuations  ;  the  propor- 
tion of  HUj^^r  a  undei-^oiii^  Lha-ix^n  wit!  tht-ci  be  a  runctiiin  uf  the 
total  mass,  and  the  FormatLon  of  iu;livo  Ky»tema  m'iII  be  goyerned  bj 
the  hiw  uf  niahfl  iintion,  Tlie  rnte  t>{  clmnge  will  be  a  logaiithmic 
function  of  the  time. 

"Thi*i  eitplanolion  is  fairly  in  necordanee  with  the  obet^rved  factfi 
in  the  GLfie  of  invertase  and  diaatuae,  the  only  enzymes  hitherto 
experimented  with,  which  have  always  been  used  in  very  fitnalL 
(|UA  II  titles. 

'^  Com  //. — Ift  on  the  other  hand,  tho  quantity  of  enzyme  ueed  bo 
relatively  Inrge,  the  active  mass  will  be  a  function  of  the  total 
mass  from  the  very  be^ntiiug  of  the  eiperlmentt  so  that  tho  lineur 
part  of  thd  carve  will  escape  notice^  O'f^ullivan  and  Tompfion  aeem 
to  have  uiaed  a  j-tihitively  large  proportion  of  en£yme,  and  therefore 
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\t  JH  Gwy  to  uoder^tniid  why  bliej  found  tbe  acttnti  ot  invertase 
to  follow  tho  logarithmic  law,  whilst  subsequent  oliaervers  ilsid^ 
reluttvf^ly  smivll  quanrritios  of  enzyme  Iijlv^  noterl  ile]L:trti]ri'><  tvom 
this  Inv. 

"  f/iii^  //^r — Wlien  the  amount  of  enzyme  doi*s  not  reni:iiti  con^tatit 
but  fof  same  rOAaon  decreaaajf  the  mitgnitEide  of  the  uflbive  flyatem 
will  not  only  ba  n  function  of  tha  uiuDunt  of  sugar  but  rilso  of  that  of 
the  entyme ;  it  will  therefore  be  represanted  by  an  eqmitiou  of  the 
aeeon[|  order,  iti  whieh  both  of  two  iuterfttjtitig  j^ubitunoea  decronfl© — 
na,  for  eiiiinpti;,  is  tbu  cjkse  iu  the  interiLctpion  of  an  nlkali  and 
methylio  aoetata.  Sach  fta  expt-oaaLon  correapoutU  to  ti  curro  falling 
off  from  H  logiirithmrc  curr^  and  tberefore  g^i^ng  a  iieiHe.'^  of  |de- 
oraoain^  valu^  for  K  wltca  bhifi  is  cJilcuUted  for  tbe  simple  loga- 
ritbmirr  Ijtw.  In  such  a  cjLse,  the  ch&nge  in  ite  early  stages  will 
6t;l]  be  It  linear  fuactiou  of  tbe  tiiae*  jls  tbo  diminutLon  in  the 
unotint  of  euxyme  will  not  at  Srrit  inatoriaJly  inauonoo  the  magnitade 
of  the  active  sysTpcm, 

'*  Stuted  Hhortly,  the  ordinary  cxjUiLtion  of  mass  action  -.y  =  K  {S  -  x), 

wbt^re  B  ia  tbe  total  su^&r  aad  ^  the  amaimt  cban^^d  in  time  t,  is 
AppliiiiLble  ooly  to  the  period  during  whioh  a  oonataat  rehitivelj  large 
prupurtioa  of  oniymo  is  lirsaaiit  together  with  a  oontinnnlly  tlecreaa- 
ing  amount  of  t^u^^ar  but  utiinAuencsil  by  tbe  pruducta  of  chunge. 

*'  llnring  th<-  final  period,  whea  the  pitJiiiu^t^  of  change  exerctso  an 
influence  by  withdrawing  enxyme  from  the  sphere  of  action, 


dx 


K(S-x)(E-i;), 


whare   E   is  the   totnl   en^ymot  y   tho   amount   witbdraim   in   coni- 
bioation  with  the  products  in  time  1. 

"  Diiriiig  the  period  when  the  pj'op[>rtion  of  migar  present  ii  very 

lorgei  X  becomes   D(!gligible   compared  witli  S,  so  that  -^^KBaA^t 

whore  i  ia  a  conafcatit, 

''Tbe  apparent  duration  of  the  linear  period  must  be  affected  not 
only  by  ic  becoming  no  longer  negligible  compared  wjbh  3,  but  also 
by  the  eitent  to  which  the  product*  of  chttngo  make  their  influence 
felt. 

*^  It  may  hero  ho  pointed  out  that  Honri'fl  formnU  combines  in  a 
HJngle  BJtpression  thij  hnpar  Jind  logaHthrnic  pmodn,  but  does  nob 
take  into  nccoimt  the  List  period  dvu-ing  which  tbe  products  oF 
change  exercise  a  reE^rding  influence. 

"The  action  of  iureitaae  appeara  to  be  much  leas  affected  hj 
invert  sugar  and  that  of  diafilase  by  mallose  than  is  that  of  lactase^ 
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emulaJD,  or  multAne  by  the  pruiiuctM  to  which  tliey  res|iflotively  givo 
ri^.  C'onetMji^cntl^^  For  tlio^o  Litrier  euKyiTit>ti,  the  liiiour  period  u 
of  tttiortd  dirrjil.ion,  j.ml  the  lo^aHt.hmiii  jii-Hnd  i';  bitrely  pci^cejitihle 
owiui;  to  the  rapid  reduction  in  the  rJiba. 

"  Coi''  IV. — When  the  ftmoimt  of  otsxjme  ituil  wntBi-  i^  kept 
cODstact  whjlat  thul  of  sugar  b  iiicr&iiied,  it  luny  be  aitppused  iihab  the 
tnngnitude  of  the  Mitive  ay.^tsm  wili  iacroat^e  mitii  e-e  rotLched 
tk  maumaai,  u  dvSult«  equillbiitiui  bein^  e^tuhlJsheJ  between 
enayino,  Eugur,  nud  wator,  bhij  ^x'holi;  of  the  auEyoiQi  perhaps,  hei:o]itii]g 
combined  with  tha  sugar.  It  may  be  assumed  tb&t  if  the  Amaiintr 
of  Hug&r  bo  further  iacrtiosed,  the  equilihriuni  will  rtimuin  unitlTected, 
not wilhatntk ding  that  nn  addition  of  eug&r  is  practically  equiT&lent 
to  A  withdrawal  of  water. 

**  Bjt  if  s  +  e  reiuiiin  utmltar^^d^  whatever  the  pi'opoi'tion  of 
HUgiLr  prifBout  beyond  n  certaiu  luiuimum,  ^  couaLunt  amount  of 
hydrojyto  will  undei'^  ch&nge  in  a  j^iveu  timo,  although  the  pt'opor- 
tion  changed  as  ^Uo  th9  vidue  of  K  will  decr^^L^e  aa  tha  com^onCrtLtpicn 
is  increased.  Thii^  conrlu-sion  ia  cutirely  in  agreement  with  the 
facta  elucidated  especially  by  Adrifln  Brown,  and  with  my  own 
obserrations." 

Witb  n»gan3  tu  the  pffects  of  varying  the  amount  of  eiiKyme, 
E.  F.  Armstrong  states  that  the  weight  hydrolysed  in  a  given 
time  by  varying  amounta  of  enzyme  was  appro limately  propor- 
tional to  til?  amount  of  onsyme,  prt»viJed  that  ttie  amouat  was 
not  too  large^  and  alj^o  that  the  C!Dinp£.riaon  was  made  during  the 
earlier  stagoB  of  hydrolysis  before  the  secondary  products  began 
to  extrt  a  marked  inHuence. 

in  a  recent  paper  Baylias  has  published  an  exteneive  aeries 
of  observationa  on  the  hydrolyaia  of  various  proteidfl,  chiefly 
caseinogen  and  gelatin,  by  the  action  of  trypsinn  The  method 
u*wl  by  Baylisa  was  that  of  irieasuring  the  increase  in  eleetrical 
conductivity,  and  it  appears  from  his  Btatcmenti  to  be  both 
convenient  in  carrying  out  experimentally  and  to  give  reliable 
results. 

With  regard  to  the  oourac  of  the  reaction,  Bayli33  found  that 
the  curve  representing  (|uantlty  converted  and  time,  fell  ofi  con- 
tinuously and  rapidly  throughout  the  e.Kperiment  from  the  loga- 
rithciic  curve,  the  velocity  conalaut  Jecreasia^  in  value  to  the 
end.  The  form  of  the  curve  (whicli  tenda  to  become  asymptotic 
to  the  base  lino)  flhows  that  the  velocity  of  reaction  tends  to 
l>ecoriie  aero,  that  ia  to  say,  that  there  is  &n  equiUbrium  point  with 
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the  reaetioa  incomplete.  It  was  found  that  the  position  of  this 
point  r>f  rest  altered  with  the  same  factors  a»  have  alreJidy  been 
desmhed  ils  clausing  an  alteration  in  Tammanii'a  expert  inftnts^^ 
yiz.  alteration  of  coQcenttation  of  aubstratum :  alteration  of  con- 
<'eiitration  of  enzyme ;  alteration  of  concentration  of  the  aystem 
aa  a  whole ;  removal  of  producta  of  reaction ;  and  altoration  of 
temperature. 

A  certain  amount  cf  evidence  in  favour  of  the  reveraibility 
of  the  reapticn  was  oht^intd  by  subjecting  a  40  prr  cent,  aolutioa 
of  the  producta  of  reaction  of  caseinogen  and  trypsin  to  the 
action  of  fresh  trypsin,  when  in  a  period  ot  four  days  a  considerable 
diminution  of  conductivity  was  observed,  which  is  the  revcrsa 
of  the  iacrease  in  conductivity  observed  when  the  caseinogen  is 
acted  upon,  and  is  preftinnplive  evidence  that  the  reaction  was 
proceeding  in  the  reverse  or  synthetic  direction. 

Bayiiae.  in  diacusaing  the  interpretation  of  lii^  reaidton  expresses 
the  opinion  that  the  mode  of  treatment  by  E.  F.  ArmBtrong  given 
at  length  above,  meets  the  case  of  trypsin  better  than  any  other^ 
and  quotas  verbfttim  the  four  cases  given  by  Armstrong. 

In  eAperimenta  upon  the  efTecta  of  alteratione  iu  the  concentra- 
tion of  the  trypsin^  Bsyliaa  found  (1)  that  in  the  initial  stage  of 
the  reaction  the  velocity  is  in  linear  proportion  to  the  amount 
of  enzyme^  but  (2]  that  this  relationship  is  more  and  more  de- 
parted from  as  the  reaction  proceeda,  so  that  a  stage  ia  eventually 
reached  at  which  the  velocity  is  practically  identical  for  different 
amounts  of  trypsin.  The  explanation  of  the  eqnaUty  of  rate  of 
change  given  ia,  that  aa  the  concentration  of  tho  subatratum 
dimiziishea  there  will  come  a  time  when  there  ia  only  sutJicient 
for  a  aroall  amount  of  enzyme  to  combine  with  and  hydrolyae. 
If  the  amount  of  enzyme  present  ia  not  very  small  there  will  be 
euffirient  of  it,  in  all  the  cases  with  the  varying  amounta,  to  act 
upon  all  the  available  aubatratum- 

The  following  ifl  a  summaiy  of  other  important  resulta  recorded 
by  Bayhss  in  thia  valuable  paper  : — 

The  veloeity  of  reaction  is  pj-o^wrtionfll  to  the  concenlrntiun  of 
th<T  suhatiatum  up  to  about  4  per  cent,  in  caseinogen  ;  above  this 
and  lip  to  nbout  S  per  cent,  it  is  Independent  of  the  conuentr&tion, 
and  above  8  per  cent,  it  id  inversely  proportiunal  to  it     In  no  eajw, 
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hDwerer,  u  the  proportioiialitv  n  linear  one,  tUe  efT«ct  being  pro- 
portioDBtcly  l^&fi  as  tbe  concontratioii  ri^^s. 

If  the  »*ITt!ct  of  iimiuMiirig  ihu  ctinctiiitr-atiork  of  the  AuhHtnttum 
ju  well  (w  that  of  inoreafin^  products  of  reactiuu  be  eliminuted, 
the  curve  bet^oinert  a.  BtiHigbt  line, 

Tbere  ia  no  nviileiice  of  ftctuiil  iloati-uctioa  of  trypsin  m  digt:6iiiig 
solutiuDs  up  to  tlie  seventh  or  eighth  hour  at  38'  C,  but  trji'psin 
tiolutions  alone  rapidly  lose  activity  when  kept  ©yeo  at  0"  C, 

Wben  fcppt  for  some  time  at  a  warm  t«iiiperftture,  trypsin  in 
aol^ition  becomes  converted  into  a  bwly  reaembliug  jl  '*  tuKoiiJ," 
which  may  be  termed  &  "  Eymoid."  This  bo-ly  appears  to  hnvo 
retained  lis  power  of  t:ombinifctian  with  the  aubfitrritura  Avhil©  becom- 
ing ucmparatively  iiuictiTe  jla  re^rdi^  iir^  prott^^LfLstis  powera,' 

TLe  oliief  cause  of  thu  incren-ae  of  thu  electricnl  conductivity 
ia  tiypEiu  digestion  i^  probably  the  splitting  olf  of  the  inorganic 
GcmstituentM  of  the  substriLtLini  mnlecule^  ;  and  rdra,  in  the  cose  of 
caseinogetLf  to  the  conversion  of  organic  phosphorus  iiila  iDorgamo 
pho^phiLtPrt.  The  chRii^i?  of  mterniil  friction  h-i.fl,  Hppurenth%  very 
litrto  part  in  the  effact.  This  proJuction  of  electrolytes  ia  insuffi- 
cient to  account  For  the  returding  action  of  the  products  of  re- 
notion,  they  being  present  in  too  imall  &  conoentj-ation  in  the  total 
products. 

There  is  nome  evidence  that  AminrHLGida  ore  more  active  a« 
retarding  agents  than  the  conatituenta,  auch  as  altumoKea  and 
pi^piunes,  present  tu  chief  oonetituenttt  of  the  products  of  the  earlier 
atage  of  th«  reocbiou, 

The  retarding  action  of  the  ppoducta  is  on  the  eniyme  rather 
than  on  the  sub^ti-utuni ;  and  their  mode  of  action  h^  uio&t  probably, 
by  cnmbiniDg  w^itfa  the  enxyme  aud  withdrawing  ic  from  the  sphere 
of  action.  This  Ib  Mipporbed  hy  the  fact  that  they  ore  at  Uu^t  ns 
motive  oa  the  subatratum  in  protecting  trypsin  from  der^tmction  by 
heat 

Tryptiin  la  impable  of  aoting  on  cnaeinogen  at  a  temperatuie  oe 
low  as  0'  C. 

An  anti-tryp«uu  ia  present  in  egg-white  and  flerum,  which  itLowly 
dl^pp^nra  during  the  retkotion  with  trypsin. 

The  biuret  reaction  ccnuineiiced  to  disappear  aa  e&rly  aa  2}  bourA 
after  the  ccmmencemant  of  the  a<^tion  of  tryp^iji  on  raGeinogen. 
The  vbcoeity  of  ciiaaiuogeti  Eolutions  undeigoea  a  rapid  diminution 
and  then  bcconLes  conatanti  while  th^  eonduetivity  curve  continuea 
to  riHs  fairly  rapidly. 


1  This  ftUtvmDnt  Ia  baetd  on  Ihfl  fact  that  warmed  trypcla  tolutlon,  wbvQ 
^deA  |o  gelntiDC,  obiucb  a  marked  and  immediate  fell  in  <ioudiiotJtiby. 
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Discussion  op  Eipebimental  Results  on  Velocity  of 
Reactions  induced  bv  Enzymes 

It  is  clear  from  the  foregoing  accmint  of  the  experimental 
rcBulta  obtained  bv  different  authors,  that  in  tho  case  of  the 
eaayinea  the  simple  logarithmic  law  fails  widely  to  suit  the  general 
course  of  the  reaction.  The  formula  of  Heiiii,  although  it  tita 
the  earlier  portion  where  the  velority  is  expreaaed  as  a  linear 
fuucticn,  or  the  portion  where  the  curve  increases  above  the 
logarithmic  law,  faib  entirely  to  cover  the  jjortion.  occupying  in 
flomo  cases  the  greater  part  of  the  reaction,  where  tbe  products 
of  digestion  retard  the  reaotion.  Its  form  shovk'g  that  it  ie  based 
in  faet  on  an  a<;eelerating  action  of  these  pro<liirt,s.  Finally,  the 
mmia  of  treatment  adopted  by  Armstrong,  while  it  gives  a  verbal 
explanation  of  the  caiifie  of  the  variations  at  different  atages  in 
the  reaction,  faila  to  unite  these  into  one  forraula,  or  tc  give  any 
espreaalon  which  will  show  the  velocity  of  the  reaction  at  any 
stage. 

It  may  be  inijiiired,  therefore,  whether  any  aasiunption  has 
been  made  in  the  dedut^tion  of  the  veltjrity  equation  for  euch 
reactions  aa  we  have  Wen  considering  which  haa  been  the  meaoa 
of  introducing  the  diffe^enc^e3  between  theory  and  experiment. 

The  equation  from  which  the  simple  logarithmic  expression, 

k  =-   log    --    ,  is  derived  is       =  i    [a—^].  wtdoh  aimply  ex- 
t  a—x  ci 

prcsaea  that  the  rate  of  change  at  any  moment  is  proportional 
to  the  concentration  of  the  unchanged  aubatrabum  at  that  moment, 
The  entire  action  of  the  enzyme,  aa  far  as  the  formula  is  con- 
cerned, is  contained  In  the  constant  i- :  the  more  powerful  the 
enzyme  the  greater  is  the  valup  of  fc,  and  the  leap  powerful  the 
lesfl  is  the  value  of  k.  Regarding  the  ferment  as  acting  by 
reducing  the  resistance  to  reaction  in  tbe  system,  as  deacribcd 
above,  we  may  regard  k  as  the  conductivity  factor  in  the  reaction. 

Hence  by  writing  -t.  =  ^  C'*"^)'  ^'^  have  assumed  that  the  effect 

of  the  enzyme  upon  the  conductivity  is  constant  throughout  the 
reactitm.  ExpncsHcd  in  another  way,  the  a^umption  has  been 
madf  th^'  throughout  the  whole  of  the  reaction,  no  matter  what 
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tKe  concentration  of  the  subslratum,  the  effect  of  the  cnzymt  is 
the  Bame  upon  each  moifctile  of  the  suhdrntutn.  Now  this  need 
BOt  necessarily  be  th?  case  experimental])',  and  probably  is  not 
80 ;  for  as  the  number  of  aubatmtiiin  molecules  decreases,  there 
will  be  cotiliauaJly  a  larger  numlier  of  etizyme  molecules  relatively, 
and  there  may  be  in  consequence  a  greater  ariount  of  ftction  upon 
each  substratum  molecule,  that  is,  the  value  of  k  cm  thin  account 
will  increase  tliroiighout  the  reaction.  Thus  indirectly  k  becomes 
a  function  of  jr,  the  quantity  inverted,  but  not  (ae  Henri*8  formula 
would  indicate  by  its  derivation)  on  account  of  a  directly  favour- 
ing action  upon  the  enzyme  fif  the  prrHluets  of  the  reaction.  There 
ia  no  experimental  basis  for  the  assumption  that  the  effect  of  the 
enzvBie  upon  each  molecule  of  subfltratum  (if  the  expression  loay 
be  allowed)  ia  the  Bamo,  no  matter  what  the  concontnition  in  sub- 
strsntum  ;  and  when  the  concentration  of  the  aubstratum  falls  in 
the  course  of  the  reaction,  then  the  available  substratum  upon 
whjch  the  enzyme  seta  being  lessened,  the  effect  upon  each  mole- 
cule must  be  increased.  Therefore  although  the  velocity  of  change 
diunnisbes  as  the  maea  action  law  indicates^  on  account  of  the 
diminution  in  unchanged  materiat,  there  Is  a  factor  of  increase 
on  aceoimt  of  greater  activity  being  exercised  by  the  constant 
number  of  enzyme  moWules  upon  each  of  the  now  smaller  number 
of  substratum  moIeciJcsJ     A  second  assumptHLon  which  is   made' 

in  applying  the  law  -    =  A:  (rt  —  a;)  to  enzymic  action  haa  already 

been  alluded  to  in  the  derivation  of  the  equation  (ses  p.  52),  i 
vie.  that  the  action  ia  taken  to  be  irreversible,  or  that  the  tendency  \ 
to  reversion  may  be  neglected. 

This  assumptioji  is  in  all  probabihty  act  experimentally  justi- 
fiable, especially  at  the  later  staj^ea  of  the  reaction.  For  it  docs 
not  follow  that  because  a  reaction  runs  practically  to  completion, 
as,  for  example,  that  induced  by  invertase  upon  cane-sngat.  that 


^  A  Icinetic  anftlo|^  may  make  tEiB  cDDteatJon  cleaier.  Suj^io^  tlif^  Rn^yme 
moleoLileA  am  a  !1c«t  of  battlesliipt,  UriDg  at  n  DumbcT  oE  targ^tn  A'bioh  are 
^nduillj  AOUk  u  a  resalt.  Then  as  ibe  targetB  HiQlc,  th&  rate  of  diivippeiiranflfl 
will  d«oie«i0V,  and  proridod  the  aumhor  of  lorgati  i£  Ui^e  oxiougb  the  mto  w\\\ 

be  proportional  to  the  nniubcrnt  an*  iiistatit,  that  ui,  tha  law    -  =1  (a  -x)  will 

lie 

hold.     An  [ho  ftrlng  ^ri«>  on,  however,  Wmti'.  wiU  linmi?  m  a  faclor  of  incTeo^P 

in  tbe  rat«  of  imkiug,  bccHitse  eacti  target   will  be  attacked  b/  an  lncr«Ked 

□umber  ol  abip«. 


90 


EXi'ERIMKNTAL  OBSERVATIONS  ON 


therefore  tbo  effect  of  the  tendencj/  to  reversion  in  decrcsHing  tho 
velocity  of  reaction  in  the  late  stages  caa  be  neglected. 

The  same  causes  which  produce  the  actual  reversibility  seen 
In  the  case  of  strong  aoluLions  must  be  present  in  dilute  sc^liitions, 
and  emphasb  miist  be  laid  upon  the  fact  Ihat.  on  either  aide  of 
the  cquibbrium  point  for  aomo  distance,  the  tendency  for  the 
reaction  to  run  in  the  opposed  direction  muat  be  preaent  andever- 
increaaing  In  amount  as  the  equiLibnuiD  point  is  neared,  ao  as  to 
stop  the  reaction  at  the  equilibrium  point.  Hence  before  the 
equilibrium  point  is  reached  there  must  be  a  decrease  In  velocity 
due  to  the  tendency  to  rcveraion- 

Accordingly  it  ia  not  safe  to  aeaume  that  beeauee  a  reaction 
luns  to  99  per  cent,  and  over  before  equilibrium^  is  readied,  and 
is  therefore  regarded  as  a  completfl  reaction,  that  it  will  run  up 
to  1*9  per  cent,  with  the  same  velocity  as  if  there  were  no  equi- 
librium point  and  no  tendency  to  reverse  near  the  end-point.^ 

As  pointed  out  above,  Bayliss  has  shown  that  there  ia  a  ten- 
dency, at  least,  to  reversion  in  the  case  of  cascinogen  and  trypsin  ; 
actual  reversion  has  been  shown  with  other  enzymes :  and  even 
in  the  case  of  the  action  of  acidi  upon  diaaccharidea,  E.  F. 
Armstrong  and  R.  J.  Caldwell  have  dcmonatrflted  that  there  is 
a  tendency  to  reversal  indicated  by  the  rotation  of  the  plane 
of  polahsed  light  beyond  the  maximum  value  correaponding  to 
complete  hydrolysis. 

In   fact,  the  retardation   due  to  products  of  reaction  which 

I  causes  the  velocity  in  the  kter  stagea  to  fall  ufT  from  the  loga- 

(rithnuc  expreaaion  may  in  all  casea  probably  be  nHcribed  to  the 

'tendency  bo  reversiou.    The  usual  view  that  the  drop  ia  due  to 

removal  of  enzyme  from  the  sphere  of  action  by  its  combination 

with  one  or  more  of  the  products  of  reaction  is  not  incompatible 

with  this  supposition.     For  just  as  it  \s  aupposed  that,  in  order 

that  the  action  may  proceed  from  left  to  right,  it  is  neceaaary  for 

the  enzyme  to  enter  into  some  relationahip  or  combination  with 

I  ViflHT  (qaoUd  by  Hamburger,  Oim.  Dr^i-^b  unrf  lonetil^hrv.  vol.  iit,  p.  07, 
1904)  foimd  tlukt  tbo  actJoQ  of  invcrraBs  upon  coDc-sugfLr  vrta  not  quite 
Oomplelc,  Hi  nlnnja  1  [pet  ddbI.  qf  the  oajJO-BOgar  wd3  IcFl  Vbser  dectuc^ 
&  formula  vv]|ii:|]  K^vc  n  conatADb  vibb  bis  onjL  rDsolls  nud  tbofiti  ol  Henri,  In 
Lihifl  bfl  first,  as  fecoanneuilml  above  in  tho  test,  retAiueil  ibu  reven-ibJlihj  t\prtM- 
hIuu;  QQi)  secondly,  intrjdui^E^l  a  variable  for  tha  nltfimtian  Itl  intcnnty  nt  antion 
of  ttiQ  emyniP  LhrotigbDnt  tho  reaction.  Tbe  m4!f,bo4  ■lu^gfrnted  in  Lhc  t«it  For 
making  ibt  aocond  of  tbeta  two  corfectiona  is  dilTereiit  From  (bat  of  Viuer 
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the  BtLbstratmn,  ao  it  must  be  supposed  that  some  such  relation- 
ship is  neoesBary  with  the  reaction  products,  or  one  of  them,  in 
order  that  the  reaction  may  proceed  in  the  opposite  directdon 
from  right  to  left.  Nor  is  it  any  objection  to  the  view  that 
slowing  by  the  products  of  reaction  is  due  to  the  tendency  to  the 
establishment  of  the  reverse  reaction,  that  such  slowing  is  caused 
by  one  only  of  theoe  products  in  each  case ;  but  rather  the  con- 
trary, for  the  enzyme  in  whichever  direction  the  reaction  is  going 
win  probably  act  upon  one  of  the  cleavage  products  only,  and 
dependent^  apon  the  relative  concentrations,  either  attach  it  to 
the  other  cleavage  product  or  detach  it  from  it.  But  wlule  there 
18  nothing  in  the  formation  of  chemical  compounds  between  the 
ferment  and  dther  the  substratum  or  one  of  its  cleavage  products 
to  negative  the  view  that  the  retardation  caused  by  the  products 
is  anything  else  than  the  expresgion  of  a  tendency  to  reversion ; 
it  most  be  pointed  out  that  the  formation  of  such  chemical  com- 
pounds is  a  hypotheais  invented  ad  Iioc  to  explain  the  retardation, 
and  that  there  is  no  experiment  as  proof  of  the  existence  of  such 
compounds. 

That  the  eniyme  enters  into  some  relationship  with  the  sub- 
stratum, as  a  result  of  which  the  velocity  of  reaction  is  established 
or  increased.  Is  certain ;  and  it  is  equally  certain  that  the  enzyme 
also  enters  into  some  relationship  at  a  later  stage  in  the  reaction 
with  one  of  the  products  of  the  reaction,  as  a  result  of  which  the 
reaction  is  slowed.  Or,  when  a  position  is  considered  beyond  the 
equilibrium  point,  as  a  result  of  which  the  action  is  made  to 
proceed  in  the  opposite  direction.  But  it  ia  by  no  means  certain 
that  this  relationship  is  that  of  a  chemical  compound  in  the 
ordinary  sense  of  the  word;  there  have  no  such  compounds  been 
isolated,  there  is  no  exact  relationship  pointing  to  any  chemical 
combination  between  enzyme  and  substratum,  and  the  amount 
of  enZ3nne  compared  to  that  of  the  substratum  which  it  can  act 
upon  at  the  same  instant  or  in  an  exceedingly  short  time  interval 
is  such  as  to  preclude  in  all  probability  the  existence  of  a  chemical 
compound  in  the  ordinary  sense  of  the  term. 

It  is  hence  most  probable  that  the  iniluence  of  the  enzyme 
as  an  energy-tranaformer  is  one  of  a  physical  character,  and  at 
any  rate  the  formation  of  chenucal  compounds  must  at  present 
be  taken  as  unproven.  Accordingly  it  is  much  safer  to  make  use 
of  a  point  of  view  which  leaves  the  question  open,  and  to  regard 
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the  retard&tkon  due  to  products  of  Te&ctioti  aA  tbe  sign  of  the 
tendency  to  reversal  or  influence  of  the  products  tending  to  react 
in  the  opposite  direction,  rather  than  being  due  to  removal  ol 
ersayme  bj  combination  with  such  products  in  a  reaction  which  ia 
regartJed  a8  irreversible. 

The  niatt«r  becomes  clearer  when  we  consider  the  reaction 
aa  prtweeding  in  the  oppoate  direction,  as.  for  example,  in  any 
of  the  ayntheflea  by  cnEymea  mentioned  on  p.  31  ^  scq^  Here  the 
reaction  alowa  down  also  a^  it  reara  the  equihbnum  point,  and  wo 
might  consider  tlie  slowing  as  due  to  the  product  of  reaction,  and 
stjite  that  thia  minbined  with  the  enEvme  and  removed  it  from 
tbe  flphere  of  action.  But  for  the  reaction  proceeding  from  left 
to  right,  it  ia  just  this  combination  of  cnarrae  and  product  of 
rcfLetion  (now  aubatratum)  which  ia  regarded  as  gi^ng  riao  to 
the  action  of  the  cniyme-  It  iBfl%'ident,  then,  that  our  explanation 
rauBt  be  aymnietricftl  on  both  sides  of  the  equihbnum  point,  if 
the  espresaion  may  be  allowed,  and  that  it  is  better  to  regard 
the  relationship  between  enzyme  and  aubstratum  on  the  one  hand, 
or  oleavage  product  on  the  other,  as  favouring  the  reaction  in  b 
determinate  direction  in  each  case,  rather  than  a*  doii^  this  in 
one  case,  and  simply  inertly  removing  enEyme  la  the  other. 


RetiirnTog  to  the  conmrlpnition  of  a  formaln  to  fluh  the  ent^M 
cour^^e  of  tfje  rcnctton,  after  the  above  diu^uadon  it  becomes  ^Icar 
that  in  thtt  first  pWe  we  must  not  remove  the  expresBion  ft^r^  or 
theie  will  ba  exjieii mental  viu-Lutiati  in  tlie  later  fitagea  increatiug 
tte  the  equilibrium  point  ia  near^ii  ;  anilf  aeoondly,  tha^t  inr.o  tbe 
portiou  of  each  expi-ession  which  repicsenta  the  action  of  the  enzyme 
wo  must  introduce  *i  fwtt'i-  espr^ssing  that  this  aijtioii  Ja  not  eoustnnt 
throLigliout^  but  intentifits  as  the  concenti^tion  of  the  bub^tiutum 
dimimahca^  and  here  it  mu^t  be  romembered  that  For  the  evprcesion 
jtj  {a-r)  the  concentration  of  the  ^^nhstrntiini  is  n-J,  and  for  the 
second  e^rpro^ion  ia  the  ef^untioti  of  velocity  of  reaotioti  fi'^-r^,  the 
ci>ncpnir>Lt.iou  of  the  siibaCmti.i[n  is  j-.  Tn  cthf^r  words,  the  infiiiBnce 
of  the  enzyme  in  either  direction  ia  not  a  constant  hut  >s  «ome 
function   of    the   coiicenlration   of    tlie   Bubstratum.      As  a   aimple 

ApproTimntion  the  factor  introduced  bj  Henri  f  ]  -i-^  \  maj  h«  used, 

SD  th^t  i-^  beeoTn«A  kj  (l+^  Ji  '>^f  it  muAb  be  remeniberetl  that 
fiuoh  a  ccrrrecUon  et^imlly  applies  to  the  reveraei)  reaction,  and  hence 
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ioBtead   of  j^  we  mnst  put  k^  (l-^i ,  when  the  equation  for 

velocity  of  reaction  becomes 

ThU  fonuala  W  too  compUc&ted  for  application  to  experimental 
results  on  int«gration,  but  it  includea  all  the  observed  experimental 
cases,  that  is^  it  shows  a  stage  when  sc  is  small  where  the  reaction 
SB  lineaTf  a  stage  where  the  reaction  is  more  rapid  than  the  simple 
logarithmic  law  demands,  as  in  Henries  expenmenta,  a  stage  show- 
ing a  falling  off  from  the  logarithmic  values^  a«  in  the  later  stages 
of  the  eiperimentfl  of  Armntrong  and  of  Baylisa,  a  Eero  stage  at  the 
pquilibffdum  point,  a  reversed  velocity,  which  also  at  the  very  end 
tends  to  become  linear. 

To  make  the  investigation  of  the  equation  easier,^  we  may  suppose, 
nnee  Henri  found  experimentally  that  the  value  of  e  was  approxi- 
mately unity,  that  e  =  f ^  =  I ,  when  the  equation  becomes 


dx 
dt 


*,(l4-g(a-.)-.,(l-!L^)A 


This  may  be  written 

and  in  this  foi-m   we  may  now  investigate  how  the  velocity,  that 

ia,  the  value  of  -,-,  will  vary  at  different  stages  of  the  reaction. 

First,  let  the  value  of  x  be  small  compared  with  a  as  in  the 
earlier  stages  of  the  reaction,  then  x^  and  higher  powers  of  x  may 
be  neglected  as  smell  magnitudes  of  the  second  or  higher  orders  and 
the  equation  reduces  to 

dx 

That  is,  the  velocity  of  reaction  is  constant,  and  the  curve  expressing 
it  is  linear. 

Secondly,  fur  higher  values  of  ^  (that  is,  later  in  the  reaction),  but 
where  x  is  not  yet  large  compared  to  {a-r)^  isince  k^  is  small  com- 


1  The  same  reeQ](«  follow  with  the  formula  as  it  Atand^^  ouLj  the  cipreesioDs 
are  more  ooEdpUcated. 
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piii'od  to  7t^,  k^:^  LB  RQull  comp&rod  to  Aj  (a  — ^)  uid  maybe  ueglocted, 
when  the  fi:rrmiila  becomes 


■^  =  le^{a-x)A-'^.k^{a-x). 


Tliis  may  be  writt^ii 


^  =  *,(l4.^)(.^A 


whioh  is  HdQn's  formula  ^thcit  is  to  aa^,  during  thin  poHoH  ^ben 
Ajj^  is  small  comparwl  to  ^,  (a- j),  or  in  other  wunJdj  whec  reversion 
mny  still  he  neglocttHi,  Henri's  formula  Lolds.  The  curro  of  vel[>cit7 
fihows  a  greater  value  than  vi  given  by  the  simple  logaritlimic  law, 
ftTid  the  confftAnb  calcuKtod  on  the  aimple  logarithmic  hitais  vriM 
increnf^e  in  thia  stAge  of  the  reaction,  whil^  a  caustAnt  calculated  on 
the  nhove  formula  will  remain  npproxLiuately  conatanb. 

Ag  I  goes  on  incre&eing.  however,  the  vnlut*  of  /r^j^  will  ceaie  to 
be  negligible  as  oompnied  with  k^  (n-j),  and  in  the  end  A"i  («-jt 
will  bocomt*  lesE  than  A-^-f^,  when  the  expreasion  within  tho  B<^uap6 
briLcketK  will  become  negsitive  in  value.  Just  an^und  the  jioint  where 
k^x^ —k^  {a-^')j  the  f^implc  logarithmic  law  will  approximately  bold, 
foi'  then  the  aiq^res'^lon  in  aqunre  briu^kets  will  be  Jilmuiit  uro  and 
negligible  in  compariaon  to  (j  (a  —  x),  bo  that  the  equation  becomea 

f.^ki  {a-r),  which  yields  the  simple   lognHthmic  formula.      But 

a£  X  goeH  ou  increotiinff,  atii  a  -j:  dimiuiahing,  it  i^  obvious  thnt  tho 
negative  vnlue  of  iha  expresdon  in  squiire  brackat^  will  rapidly 
incrcaae,  and  that  the  re^tion  will  pi\>ceed  much  more  alo^ly  with 
ever -in<ir ending  ileriation  from  the  logarithmic  law, 

PtuuHyi  th»  reactioa  will  come  into  equilibrium^  and  beyonU  tbls 
point  will  be  reveraod. 

For  tha  reversail  rBaution  nettf^  the  entt-jHtijU.,  bince  a  -  J"  U  small 

compared  to  j:  and  h&oce  -  =  1 ,  the  equation  becomes  —  =  /fj'rt",  or  ihe 

velocity  of  reaction  i^  constant  und  the  curve  expre^^a^  it  n  straight 
line  aH  nt  th«  beginning  of  the  roaction.  Sint^e,  however^  the  whole 
of  tlie  reverweri  singe  is  short,  urn!  an  ftppre<iiabii3  amount  of  o  -  r 

relatively  to  ^  ia  soon  formed  since  tha  reactiiou  ruua  —  =k^j^t  und  x 

'ft 

13  hei-H  liLrge,  the  xitiaight  Iloq  portion  on  thia  side  in  infinitely  short 

and  cannot  be  deuionstratod  e^cperi mentally. 

The  Bqufltion  given  iLbove  hence  servos  to  demonaCrate  that  tlio 

law  goTorning  the  reaotioQ  ia  the   aame  throughout, '  and  that  the 
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d«T]at]ODs  from  the  logarithmic  law  arise  from  the  assiimptionB  Imvfng 
been  (Dridt>  in  tbo  derivutHiuii  of  that  law  (I)  that  rororHibibty  can  b« 
iLt-gl^ct4>ii,  Micl  ('2)  that  the  iuterifity  of  action  of  the  anz^me,  per 
mglecule  kof  bubati-atum,  cniL  be  tnken  aa  conatant  throughout  the 
r^nctioEi. 


Effecth  OS  Velocity  ok  Rkactiox  ok  AhTKRATiosa 

IN    THE    CONCEKTftATION    OF    EnZVME 

The  efTecls  of  variation  in  the  amount  of  enzyme  initially 
addeU  upon  tliH  velot^iLv  of  reartioii,  in  tbt^  c&oe  of  the  ^JUcnx^lastLC 
rnzymeH  and  of  trypuin,  have  been  already  mentioned  in  describing 
the  experimenta  upon  the  course  of  the  rpactioti.  Experiments 
[upon  ih-is  question,  to  be  uoniparablc  with  one  another,  alkould  be 
under  such  conditiona  that  the  concentration  of  the  sub- 
itum remains  constant  throughout  the  eKperinient.  Otherwise 
the  ratio  of  enzyme  and  Hubbtratum  ia  continually  varying  during 
the  ejtperiment,  and  t!ie  effect  of  variation  in  conceatr&tion  of 
enzyme  ia  not  obtained  purCr  but  a  combination  of  tbia  with 
variation  in  concentratlDn  of  aubstratum^  AUo  the  effects  of 
accumulation  of  products  of  reaction  must  be  avoided,  Henoe 
the  ideal  condition  [a  that  in  which  there  is  excess  of  solid  sub- 
iratum,  the  products  of  acliou  are  continuoLialy  removed  by 
dialyfiis*  and  the  enzyme  ia  present  in  constant  strength  tbrcugb- 
oub  each  experiment.  Such  an  arrangement  &s  la  suggeatcd, 
>r  example,  by  BayUs^/  of  a  bell-jar  fUted  with  solid  gelatine 
jContaining  the  enzyme  and  dialysing  into  a  larger  ve^el  (the 
ell-jar  Iwing  attached  to  one  end  of  a  lever  which  records  the 
ipiidity  of  action  by  the  loss  in  weight,  and  writes  a  record 
[on  a  smoked  paper  suifice)  would  be  an  ideal  arrangement  for 
imich  a  purpose,  on  the  supposition  that  the  enzyme  did  not 
lyse  out,  aa  wonJd  probably  be  found  to  be  reaiiaed  within 
btie  experimental  limits,  as  the  rate  of  dialysis  of  enzymes  is 
[^  slow. 

Such  experiments  have^  however,   not  been  yet  canied   out. 

the  nest  best  are  those  in  which  tho  observationfl  have  been 

Led  at  the  initial  stages  of  the  reaction  where  the  amount 

^  Loccit. 
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of  3Mb9tratuiii  has  been  larg^  and  not  very  widely  varied  before 
till?  meuHurenient  has  been  taken,  and  especially  thoae  in  which, 
where  poHaible,  a  solid  iiiibHtmtum  haa  been  employed^ 

As  Bredig  ha^  pointed  out,  the  result  would  be  more  certain, 
and  more  dofimto  conclusions  could  bo  drawn  if,  in  euch  experi- 
ments, instead  oE  meaaurinj;  the  ditlerent  amounts  of  substratum 
coBvcrted  in  effuat  times  by  varving  amounts  of  enzyme,  deter- 
minations were  mftde  nf  the  varying  intervftla  of  time  necejiaary 
to  convert  the  same  percentage  of  Bubatratum  as  the  concentra- 
tion of  enzyme  is  changed.  For  in  the  latter  case  whatever  tbe 
law  may  be  governing  the  course  of  the  reaction,  and  as  we 
have  seen  above  this  may  he  somewhat  complicated,  since  tha 
reaction  in  such  case  runs  to  the  same  stage,  in  deducing  the 
ratio  of  the  inureaBcs  in  veltjcity,  due  to  tbe  two  tlif!erent  con- 
c-entrations  of  ensynae,  this  complicated  factor  ebminatea  out» 
being  the  same  in  each  case,  and  the  ratio  in  tbe  activation 
by  the  two  quantities  of  enayme  is  simply  inversely  proportional 
to  the  two  time- intervals  for  production  of  the  same  percentage 
change. 

While  it  must  be  admitted  that  this  method  of  varying  time- 
interval  and  constant  percentage  of  conversion  ia  the  more  scientific. 
it  must*  however,  be  stated  that  it  is  in  most  cases  of  zymolytic 
action  moat  difficult  or  impoaaible  to  carry  out  experi mentally. 
For  in  most  such  casea  we  hdve  no  indicator  to  show  wbeti  a  L-.ertain 
definite  percentage  of  the  toUil  change  lias  occurred^  and  a  some- 
what elaborate  measurement  or  determination  must  be  made ' 
in  order  to  discover  the  state  of  aflairs  in  the  solution^  so  that 
the  experimenter  is  reduced  to  making  measurements  at  definite 
time* intervals  instead  of  at  definite  amoimts  of  conversion.  Nor 
will  it  do  to  take  the  end^point  of  the  reaction  in  most  cases  on 
account  of  the  slowness  with  which  that  point  ia  reached^  although 
in  certain  cases  where  the  end-point  has  special  physical  or 
chemical  characteristics  thu  has  been  used^  as,  for  example,  the 
coagulation  point  for  an  enzvrae  auch  as  rennin,  or  the  disappear- 
ance of  the  colour  test  with  iodine  in  tbe  case  of  fltarcb  and 
diastase. 

It  may  be  further  added  that  in  many  cases  tbe  objections  of 


'  Thia  doee  not  applj  to  tbe  electrical  conductivity  njathod  of  Ba^Lian,  wbo 
boa  udUecKl  Ehc  motbod  suggoeicd  by  Biedi^,  and  determined  tli«  timet  at  whiab 
cgno]  changes  in  caadnclirity  onotir. 
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Bredig  have  little  practical  veiglit,  aSf  for  example,  where  6olid 
Bubatratum  U  used  in  tletermiaing  a^ctivit?  in  varyirLg  eoac^ntra- 
tion  of  ptoteoclaatic  enzymesT  or  where  the  amount  of  substratum  ]s 
initially  large  i^omjiared  ta  the  amount  of  enzyme,  and  the  meaaure- 
meuLs  ate  taken  early  in  the  courae  of  the  ri^action  before  there 
is  any  large  alteration  in  percentage  of  the  aubstratum.  la  such 
caaea  none  oi  the  variations  in  the  reaction  detailed  above  oociir 
In  the  ahort  stage  of  reaction  utilised  for  the  determinations, 
and  the  degree  of  aetivation  by  the  enzyme  may  be  safely 
talcen  a&  directly  proportional  to  the  nmounLs  converted  iit  equal 
times. 

The  law  connocting  velocity  of  action  and  concentration  of 
the  enzyme  varies  with  the  nature  of  the  enzyme^  In  many  cases 
where  the  question  has  been  accurately  examined  in  recent  tiniea, 
the  ordinary  law  whith  applieJd  to  Inorganic  cataly^t^  appliesi  also 
to  enEymes,  viz,  that  the  effect  ia  in  simple  direct  proportion  to 
the  ccnceutration  in  eniyme.  There  ia  this  difference,  however, 
in  the  ease  of  enzymes,  that  a  maximum  ie  boon  reached  beyond 
which  further  addition  of  enzyme  produces  no  noticeable  effect 
whatever,  and  it  ia  hardly  necesaarv  to  add  that  for  concentra' 
tions  somewhat  short  of  the  maKimum,  the  hnear  law  doew  not 
hold,  fiA  the  linear  portion  of  the  curve  gra<lually  rounds  oS  to  the 
aaymptntic  lino  wliich  marks  the  maxinium  velocity  with  increasing 
concentration.  Havin^^  regard  to  the  high  molecular  weight 
which  enzymes  poaeieas  and  correspondingly  low  molecular  con- 
centration, and  also  the  low  jiercenta^  amount  present  when 
the  msximmn  amount  oE  increased  edect  with  concentration  ia 
obtained,  we  have  here  incontrovertible  evidence  of  a  dit!erence 
in  mode  of  action  of  enzymes  and  inorganic  catalysts ;  such,  for 
example,  as  sucroclaatic  enzymes  and  the  hydrogen  ion  of  acida. 
Here  the  sucrot'laatic  enzyme  is  aheady  in  possesaion  of  its 
maximum  effect  at  a  molecular  concentration,  at  which  the  action 
of  the  hydrogen  ion  ia  practically  imperceptible,  and  the  hydix^en 
ion  goes  on  increasing  in  eiTeet,  as  the  concentration  is  increased, 
At  a  rate  eonfiiderably  greater  than  corresponds  to  the  increased 
ionic  concentration,  while  the  action  of  the  enzyme  remains  at 
a  constant  level. 

The  enzymes  which  within  the  limits  indicated  above  obey 
the  taw  of  direct  proportionality  between  concentration  and 
activity  are  :  Inveitaac  (O'Sullivan  and  Tompson^  Henri,  £.  R 
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Armstrong),  Renidn  [Segelcke  u.  Slorch,  Soxhlet,  Lorcher,  Duclaux. 
FiiKl)^  Lipase  (Kastle  u.  T.oewenliart).  Trypsin  (Bayliss), 

In  llie  case  of  other  fernienls,  however,  although  the  same 
falling  of!  to  a  niaxltnum  value  at  an  upp^r  limits  at  which  the 
pereentafte  of  ierment  is  still  very  low^  is  obeervecl  in  aU  caws, 
it  is  found  ttat  even  well  below  this  limit  of  maximum  effect 
the  linear  law  !a  not  obeyed  of  direct  proportionality  betweevi 
concentrfition  of  enzyme  and  inteuaity  of  actiuii. 

In  mofit  auch  caaes.  the  majority  of  esperimentera  have  arrived 
ftt  the  conclusion  that  the  Uw,  ftrat  empirically  deduced  from 
ejcperimentfl  upon  pepsin  hy  E.  Srhiita  and  known  jls  *' Schiitii** 
law,"  is  that  which  best  expresses  the  effects  ol  conceutralion 
upon  intensity  of  action  within  a  certain  laiige.  The  law  is  that 
the  intensity  ia  directly  proportLonal  to  the  ntjuare  root  of  the 
concentration,  c>r  put  converacly*  that  the  relative  concentrations 
of  enBymo  arc  directly  proportional  to  the  pquares  of  the  intea- 
sities  (that  is,  the  amounts  changed  in  equal  tiraea),  ErpresMd  in 
an  equation,  if  l-^  and  f:.^  art  tfie  veloc^ity  constaiita  (or  quantitiea 
converted  in  equal  timea)  at  two  different  concentrBtions  of 
enzyme  Cj  and  c^.  then  "  Schiitr-'a  law'*  is  that 


h&-i'<£)'- 


T1l&  Uw  has  been  moet  worked  out  in  the  cjiee  of  pepBin  by 
E.  Schuti,  J.  Schiita.  Huppert  and  -I.  Schiitz,  and  Boriaaow  ^  but 
aocordinp  to  Pawlow  and  hia  co-workew,  using  Mett'a  niethod,  it 
also  holds  for  the  tryptic  and  diastatic  enzymes  of  the  pancreas, 
in  addition  to  pepsin. 

The  whole  subject,  however,  desen-es  to  be  thoroughly  worked 
out  anew,  for  there  is  a  want  of  concordance  in  methoda  and 
reaulte  amongst  the  different  workers,  who  have  not  only  em- 
ployed different  methods  and  diflerent  stages  in  the  reikction  for 
different  enEymes.  but  also  for  the  same  erwyme.  Thus  in  the 
caae  of  trypsin  BayhsiH  linda,  as  atrjitcd  above,  that  the  law  at  any 
rate  for  dilute  solutions  is  approximately  a  line-ar  one,  while 
t^awlow,  uaing  a  diflerent  method  (Mett^s),  finda  the  '*  SoLiitz  law  " 
followed-  Apain,  while  Huppert  and  J,  Sehiitz  found  the  Schiiti 
kw  followed  for  not  too  concentrated  aolutiona  on  using  dia- 
aolved  proteid  <tgg  albumin),  they  found  with  the  Mett'a  tuba 
method  on  coagulated  egg  albuiniu,  that  this  law  was  not  obeyed. 
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but  r&tfaer  thfit  the  Jon^h  of  albTinun  dissolved  wm  neaHy  directly 
pfoportioDJLl  to  the  ooQcentraCion  in  eiizyme>  Oa  the  other  hazid^ 
BoriftMw,  Dsirig  the  H«tt'a  method,  found  that  pepeiD  15  its  flctJOD 
in  dissolviiig  ooigulateti  egg-white  otieyed  3ohl^t£*&  ]»w. 

In  the  writer^?  own  eiperience  with  the  Melt's  aielhod.  and 
actjvc  preparations  of  commercial  pepsin  of  variouH  origin,  the 
Schata'fl  law  is  by  do  m^oa  followed.  With  atrouger  eolutioofl, 
the  length  of  ege-white  dissolved  off  is  approidmately  equal ;  as 
the  conrentration  in  enzyme  U  diminished,  the  inten-^ity  of  action 
[alls  Ktd  very  slowly,  much  1e^  th&n  in  direct  linear  proportion* 
but  there  ifl  no  period  at  which  the  Schiits  law  ia  closely  obeved, 
and  with  very  dilute  aolutions  the  length  of  egg-white  b  bo  little 
aa  not  to  be  accurately  meosarablej  so  that  the  method  is  useless 
for  testing  very  dilute  solutions.  Even  in  stronger  solutions  the 
slowness  of  fiuid  difTusimn  in  the  oairow  tubes  tending  to  a4^uinu- 
lation  of  products  of  digeatioa  at  the  active  interface,  and  the 
irregularity  with  which  the  column  of  egg-white  ia  eaten  away, 
form  grave  objeeticnA  to  the  employment  of  this  oft-described 
method. 

Tn  the  case  of  the  esperimenta,  such  as  those  of  J.  Schiitz  and 

Huppeit  and  Schiitz^  iu  which  the  activity  is  dctenuined  from 

^■^e  amount  of  flecondarr  albumoAe  formed  in  e«iual  times  with 

^*»arying  concentration   of    enzyme,  the    objections   of    Bredig   de- 

•cHbed  above  must  be   taken^  for  here   the  concentration  of  the 

Ebstratuin  ia  altering  all  the  time  of  the  eEperiment,  and  the  per- 
Dtage  of  coiiveisioEi  and  concentration  of  products  of  reaction 
11   be   greater   in   the   solutions    c^nt^ning   more   concentrated 
enasyme.  and  hence  there  will  be  a  greater  factor  of  retardation 

rthe  more  concentrated  eolutiooa. 
That  thia  ia  the  case  is  seen  from  the  extension  of  the  Schutz 
law  which  is  advocated  by  Huppert  and  J.  Schtiti.  These 
authors  give  as  a  result  of  their  e^perimentA  the  formula. 
S^  jtA^i,p,s»  in  which  S  =  the  amount  of  secondary  albumose 
formed*  i"  =  the  reaction  constant,  (  =  the  time  of  experiment, 
p  =  the  concentration  in  pepsin,  and  i  =  the  concentration  in  Acid, 
provided  this  does  not  exceed  0-2  per  cent.  Now  such  a  formuU 
cannot  express  more  than  an  empirical  coincidence  throughout 
■  certun  nhort  range  of  experiment,  for  apart  from  the  impro- 
bability of  exactly  tbe  same  law  being  followed  in  the  case  of  three 
tmeh  different  factora  as  time,  enzyme  concentration,  and  acui 
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coTkc«ntratian.  it  is  evident  that  aa  the  optiiuLim  amount  of  &cid 

Kefl  very  litlU  if  any  above  0-2  per  cent.,  that  tbere  must,  as  iu 
tho  caae  of  all  other  optimum  points,  be  a  confliderabk  range  in 
acid  oorkceittration  below  tbia  point  througboat  which,  chati^  in 
acid  eoncentratior  has  a  very  slight  effect  compfired  to  what  it 
has  at  the  lower  and  minimal  coiieenLraiions  of  at'id.  Agitiii,  i£ 
we  take  all  the  other  factors  in  the  FormuJa  except  the  time  as 
constant,  the  fcrrmila  for  amount  of  converaion  and  time  heeomoa 
S=  E,y  (^  now  thia  ia  quite  different  from  all  the  other  lotmulto 
deduced  experiineotally  or  theoretically  for  velocity  of  enayine 
reaction  (see  pp,  58-61),  At  the  same  time  this  castJ*  a  light  upon 
how  under  certaiu  conditionB  auch  a  formula  can  be  ohtauied 
empirically  from  ejcperimeutal  results,  and  can  for  a  certain  dis- 
tance give  an  apparently  cioac  coincidence  to  the  results  of 
experiment,  and  appear  to  give  a  law  for  expressing  them,  although 
if  under  the  conditions  it  were  poHsible  to  carry  the  eiperimenu 
farther  to  either  side,  the  law  would  be  ahowii  not  really  to  exist. 
For  the  above  equation  may  be  written,  on  squaring  both  sides, 
S*  —  K*.  L  This  is  the  equation  of  a  parabola,  with  its  axia 
hoHEontah  if  the  quantities  converted  are  plotted  as  ordinates, 
and  the  times  as  abscisste.  Now,  if  tbe  action  of  pepsin  is  similar 
tf]  that  of  trypsin  as  experimentally  investigated  by  Bayliss, 
instead  of  a  parabola  we  should  have  first  a  straight  hue  portion^ 
then  a  more  or  lejis  logarithmic  portion,  and  finally  a  portion  where 
the  velocity  of  conversion  fell  ofl  and  finally  became  very  small, 
the  line  running  almost  asymptotic  to  the  axis.  But  with  the 
exception  of  the  initial  straight  line  portion,  which  was  probably 
misse<l.  and  the  later  portion  of  the  curve  where  the  velot^ity  is 
fathng  oS  most  rapidly,  the  LJiternLediale  portions  of  the  two 
curves  are  roughly  parallel,  and  hence  observations  confined  to 
this  region  might  easily  £nve  (he  impr*?a&ion  that  the  law  8  =  4^^7 
gave  the  course  of  the  reaction. 

The  explanation  of  the  ''  3chtit£  law  ^^  is  probably  of  a  similar 
nature,  that  is,  it  holda  for  a  certain  rauge  ouly,  and  iu  tiiis  range 
ia  an  empirical  law  wliich  gives  an  approximation  to  the  truth. 

The  writer  eonsiders  this  a  more  probable  explanation  than 
the  one  given  by  Hober  and  F,  Hofmeiater,  although  this  is  very 
ingenious.  It  will  he  remembered  that  when  a  substance  dis- 
sotiiatea  into  two  others  in  eqnal  molecular  concentration,  the 
equation  for  equihbriuni  runs  Ci  =  ht^,  where  Cj  ia  the  concentra- 
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tion  of  the  undiasoci&ted  aubaUnce  and  c,  tb&t  of  either  of  the 
two  diflBociated  cleavage  producte.  Now  if  we  suppose  that  pepam 
ifl  ft  aubatance  which  is  very  feebly  dissociated,  and  that  it  is  ooly 
the  dissoiMftted  portion  which  is  active  as  an  enzyme,  then  there 
follows  an  eaay  explanation  of  the  Schiitz  law.  For,  the  subatance 
being  but  feebly  dissociate,  c^  is  very  small  compared  to  e^,  and 
if  C  be  the  total  concentration  in  en^me  we  can  write  instead 
of  the  above  equation  C  =  k<^.  But  the  activity  is  proportional 
to  the  dissociated  portion  c^  and  hence  to  ^C,  which  is  Schiitz's 
law. 

However,  it  is  a  quite  unproven  hypothess  that  an  enzyme 
dissociatea  into  an  active  and  an  inactive  part,  and  considering 
the  nature  of  enzymes  as  colloids,  an  exceedingly  improbable  one. 

Medwedew  found  for  the  oxydase  of  liver  tiasue  the  law  that 
the  intenaity  of  action  of  the  enzyme  ia  directly  proportional  to 
the  sq^jare  of  the  concentration  and  not  the  square  root  as  in 
Schiitz's  law.  This  might  receive  an  "  explanation  "  by  making 
the  hypothesis  that  the  ferment  ia  practically  all  dissociated, 
and  that  it  is  the  smaller  undisaociated  portion  only  which 
retains  activity ;  but  the  writer  prefers  to  believe  that  it  ia  an 
approximate  empirical  expression  for  a  small  portion  only  of 
the  curve  expressing  the  relationship  between  concentration  and 
activity. 

The  conclusion  may  there/ore  be  drawn  that  in  the  case  0/  each 
enzyme,  there  is  in  dilute  soltitio7^s  a  range  0/ concentration  throughout 
which  the  activity  increases  approximately  direcUy  as  the  concentra- 
tion, and  Q8  the  amcer^iraiion  increases  a  farther  period  in  which 
there  is  also  on  increase  hut  at  a  less  rapid  rate  than  the  concentra- 
tion, and  that  Jinnily  a  maximum  c^ect  is  Mained  beyond  which 
increasing  the  concentration  has  no  action  in  irKreaaing  the  activity. 
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rs|Bd  Q*«iru^ii'T.  irr-  -^i*  TCT«niw  a:  vrKnaL  Tin  SD'^»tlrc  ims 
beeL  TnTLwr   iL"->«:4f3rK^i    it  Ii*T-j>flE.   wiit   tttip^  ijik   Trrnajt  n. 

k*>    mukvd    ^titt?    :i.    k-josuxit    ftiuBuoof.   TaniE  T^tt  ^bOf  l^tfl 
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tbc  disstntic  fennenta  of  tbe  liver  and  pancreaa  are  nat  de- 
stroyed by  boiliTig  in  alcoliolic  fiolution,  and  Penni  aud  Pemosai 
find  tlmt  enzymes  are  ooly  alowiy  acted  upon  In  amyl  alcohol 

BolutlOHB' 

In  the  dried  condition  it  has  been  shown  that  enaymea  can 
be  heated  to  as  high  as  IGO'^  C\  without  losing  their  activity. 

E?[posiirQ  to  low  temperatnrfs  does  not  appear  to  have  any 
marked  eilect  upon  eniyraeB. 

With  regard  to  the  efiect  of  alterations  of  temperature  upon 
the  rapidity  of  action  of  fermentBi  it  is  found  that  <;ach  ferment 
is  most  aetive  at  a  temperature  called  the  oplimftm  temperature, 
whifh  variej*  lu  the  ease  of  ea*'h  ferioeTit,  ami  nho  In  the  same 
ferment  with  the  conditions  of  soJutionT  presence  of  neutral  Balta^ 
reaction,  and  temperature  to  which  the  solution  has  preinoualy 
been  exposed,  \q  a  general  rule  the  optimum  temperatiiro  lies 
between  33°  and  45*  C.,  but  according  to  Roberts  the  action  of 
trypsin  increases  even  up  to  CfO"  C.,  at  which  temperatm^  it  is 
however  rapidly  destroyed. 

It  iH  stated  hy  Bredig  that  the  existence  of  the  optimum 
temperature  and  the  decrease  in  rapidity  of  reaction  at  higher 
temperatures  than  the  optimum  is  due  to  two  opposing;  factors, 
The  first  factor  h  the  increase  in  reaction  velocity  which  rise  in 
temperature  alwOiys  occasionN,  and  the  se^^ond  in  the  destruction 
of  a  portion  of  the  enzyme  which  gradually  occurs,  more  rapidly 
as  the  temperature  is  incrcaaed,  and  finally  outbalances  the 
positive  efioct  due  to  increased  temperature  p^r  ^e.  Ernst  workinp 
in  Bredii{*3  laboratory  tested  the  rate  of  action  of  Bredi^'s  platinsol 
upon  water-gas,  and  found  conformably  to  this  view  that  it  also 
poflsesaeil  an  optimum  t*miperatufe  of  action,  the  exatet  position 
of  which  varied  with  the  previous  history  cf  the  platiuaoh  the 
period  during  which  it  had  been  l;cpt  at  the  higher  temperature 
previously  to  starting  the  roaetion^  &c. 

Accordingly  it  would  appear  that  the  optimum  temperature 
is  not  a  peculiar  rharact^nstie  of  enzymes,  but  depends  upon  their 
inatabiUty  at  the  optimum  temperature  and  above  it.  It  must 
be  added,  however,  that  in  presence  of  their  appropriate  substrata, 
some  ferments  are  very  stable  at  their  tQm(>erature  of  optiinuni 
activity,  e.ff.  pepaiTi,  the  rate  of  destruction  being  practieally 
inappreciable,  and  hence  it  appears  to  the  writer  that  althojgh 
Bredig^a   view   mnv  hold  in   some  cases  It  in  not  a  universal  tx- 


UPON   ENZYMES    AND   LIVING   CELLS 

plftDfitton  of  the  existence  of  an  optinmiiL  temperature  of  action 
for  ail  fermentfl. 

The  temperature  coefficient,  that  is,  the  variation  id  the  velocity 
constant  with  the  temperature,  which  is  ijsually  espressed  for 
each  lU"  C,  has  been  mcaaured  by  Baylisa  in  the  case  of  trypsin. 
It  was  found  tliat  it  rpqiiii^d  5-3  times  as  long  to  efTect  an  4>qn&t 
change  at  207°  C.  as  at  :30  r  C. ;  between  307°  C.  and  '^Sr  a  the 
ratio  of  velocities  waa  26:  \.  pving  3'ii  &a  the  coefficient  for  an 
interval  of  ICP  C. ;  also  a  determiratior  of  the  velocity  at  0°  C 
gave  a  coefficient  for  each  10°  interval  between  0°  C.  and  30°  C- 
of  12.  In  the  case  of  emulsin,  between  fiO°  ami  70°,  Tamniann  Jound 
for  the  temperature  coefficient  the  vaJue  of  7  H  ;  Senter  for  the 
peroxidase  of  blood  the  value  of  15.  between  0°  C.  and  10^  C, 
(Quoted  from  Baylise  loc.  dl.) 

The  livini^  cell  in  its  roaetiori  to  temperature  cliangofl»  in  ao 
far  as  it  ia  not  conttoUed  in  the  hi^h(>r  animals  by  the  temperature 
regulating  inM^haniam,  obeys  exactly  the  same  laws  as  th«  enzyme. 
IbB  Activity  IS  only  possible*  aa  in  the  case  of  the  enzyme,  between 
certain  well-defined  limitST  which  vary  from  cell  to  cell,  &9  from 
enzyme  to  enayiiic,  and  somewhere  in  the  ranfic  there  is  an 
optinnim  point  of  majdmum  activity  which  is  variable  under  like 
conditions  afi  in  the  case  of  the  enzyme.  Also  at  the  point  of 
maximum  activity,  the  living  cell  is  working  above  its  safety 
point,  and  prolonged  action  at  this  point  leads  to  a  break-down 
ia  the  cell's  activity,  and  to  deathn 

There  is  an  apparent  exception  in  the  caa?  of  warm-b1ood?d 
animals  in  the  fact  that  a  slight  fall  in  temperature  leads  to 
increased  activity,  but  this  is  merely  due  to  the  action  of  one 
cell  upon  another,  to  stimulation  by  the  nervoua  system  ;  and 
when  on  account  of  contrnued  fall  in  temperature  the  regidatary 
mechanism  is  overcome,  the  cells  of  the  warm-blooded  animal 
obey  the  general  law  just  as  do  those  of  cold-blooded  animals. 

On  account  of  the  regulatory  mechanism*  as  a  result  of  the 
action  of  which  tha  cells  of  the  warm-blooded  animals  are  rarely 
exposed  to  any  appreciable  variations  in  temperature,  the  cells 
have  lost  their  power  to  respond  to  temperature  variations  through- 
out 9o  wide  a  range,  the  minimum  and  raa3cimum  points  are  close 
together,  and  so  arises  the  great  diinGor  of  temperature  variations 
after  the  regulating  mechanism  has  been  overpowered  by  greater 
than  normal  variations  in  tcmpemtnre  of  externa!  surroundingB. 
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It  is,  therefore,  in  unicellular  orgflnismB,  and  in  the  efirlier  stages 
of  development  of  niuIticeUuluJ:  orgaiiiama,  tJiat  the  variation  in 
activity  with  alteTation  in  temperature  is  nioat  clearly  seen.  Hero 
it  is  found  that  at  a  certain  ininLmal  temperature  the  activity 
just  bei^na  to  be  perceptible,  as  the  temperatuie  risea  the  activity 
increases  with  it  until  an  optimum  point  is  reached,  Ij'ing  usually, 
&3  in  the  case  of  the  enzyme,  a  few  degreeFi  ubove  the  ubuaI 
temperature  of  the  action  of  the  organism,  and  beyond  the 
optimiim  temperature  the  Life  of  the  organism  becomes  again 
more  slu^giahr  its  activities  lessened,  and  if  the  high  tcmpcratiiio 
IB  maintained  it  dies.  The  optimum  point  of  activity  for  th^ 
living  cell  probably  arises  in  the  same  manner  as  iu  the  tase  of 
the  enzvme.  by  the  siinultaiieoua  action  of  two  opposing  causea ; 
viz,  (1)  the  hastening  of  all  chemical  reactions  by  rise  in  the 
tempcraturCi  (2)  a  similar  hastening  from  the  same  cause  of  the 
bye-reactions  which  lead  to  a  using  up  and  diminishing  of  the 
cell  substances  which  act  as  catalysts  to  these  reactions.  As 
a  result  of  this  it  frllows  that  in  the  earlier  stages  of  tho  range 
of  temperature,  aa  the  temperature  riaea,  the  chemical  reactions 
in  the  cell  will  iucreaee  in  velocity,  while  as  yet  there  wiU  be  no 
appreciable  destruction  of  the  more  stable  cell  substance,  or  of 
the  catalysts.  But  in  the  later  stages,  at  the  optimum  point 
and  beyond  it,  deatmction  of  catalyst-.'*,  cellular  enzymes,  and  cell 
substance  will  also  proceed  at  an  ever- increasing  rate,  and  although 
the  velocity  of  reaction  of  the  catalyaed  reactions  (imder  No.  1) 
is  still  increasing,  the  diminution  m  catalyst  more  than  out- 
balancee  this,  and  the  cell  activities  are  lesBcned. 

The  same  differences  are  to  be  noted  at  the  two  extreme  ends 
of  the  range  in  the  case  of  enzymea  and  living  cells;  a^  the 
temperature  falls,  the  enEj'nie  and  living  cell  merely  become  dormant 
and  tempoiflrily  pass  out  of  acti^'ity,  but  neither  b  killed  unleaa 
the  fall  in  temperature  is  enormous  compared  to  the  rise  in  tempe- 
rature which  would  cause  total  permanent  loss  of  activity  or  death 
upon  the  other  side  of  the  active  range.  Nor  h  the  reaanu  far  to 
wehi  the  lower  limit  is  reached  by  gradual  fall  in  activity  until 
the  rero  point  is  reached,  whik  the  upper  limit  is  reached  by 
gradual  increase  in  activity,  accompanied  by  gradual  destruction 
finally  surpafising  increase  in  activity,  until  the  cell  Etopa  from 
destruction  in  hyper-activity. 

The  level  at  which  living  cells  arc  rapitlly  destroyed  by  increased 
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tcjDper&tiire  closely  reHembfes  that  at  which  eneymes  are  similarly 
deBtroyed,  and  liea  around  the  coagulation  temperature  of  proteitU. 
Aa  in  the  case  of  enaymea,  the  point  variea'  with  the  nature  of  the 
cell,  Borce  cells  being  mora  roaisfcant  than  others-  The  rosiBtaopo 
appears  to  var>'  mveraely  aa  the  state  of  activity  oi  the  cell, 
inactive  aporea  being  more  resiHtaiit  than  the  active  cells.  Aa 
in  the  case  of  eniVUiea,  the  amount  of  wat^r  preaent  has  a  powerful 
effect  upon  the  rate  o£  defltiuction.  Dncd  hacteriaT  and  their  spores 
in  the  dried  condition,  can  be  raised  to  temperatures  above  the 
boiling  point  for  an  appreciable  time  without  destniction,  although 
in  miHpeiiHio[i  m  aquaons  Huiils  they  are  readily  ileatroyed  by  auch 
&  temperature ;  and  dried  seeds  can  be  exposed  to  low  tempe- 
rftturea  without  injury,  while  in  the  moist  oondition  they  lo^ 
their  vitality.  The  latter  effect  is  probably  a  phjaical  one  due 
disruption  of  the  eell  by  the  eicpanaion  of  the  water  in  freezing. 


Intluejjce  ot  Various  Physical  asd  ChemtcaIi 
Agencies  on  Exzymes  and  Living  Cells 

Many  enzymes  are  rapidly  destroyed  in   a(|ueous  solution  by 
sunlights    The  subject  hoa  been  investigated  in  the  case  of  the 
diaatascs  by  Green,  who  found  that  all  parts  of  the  spectrum  are 
not  equally  active  in  this  respect,  the  most  active  part  is  ttie  ultra 
violet,  but  the  green  rays  are  al^io  fiestnactive.     Certain  portions 

I  of  the  red,  orange,  ajid  blue  appt^ar  at  flrab  to  increEL^^  th?  amount 
of  diaatEiae,  but  this  positive  effect  soon  disappears  and  is  followed 
by  a  destructive  action,  Greeu  aacribcfl  the  first  stage  to  a  con- 
version  of  zymogen  into  aetive  enzvme.  The  different  diastases 
are  not  eiiually  affei^ted  ;  thus  the  destruction  in  the  case  of  malt 
diastase  amounted  to  68  per  cent.,  in  sahvary  diastase  bo  45  per 
cent.,  while  diastase  from  green  leavea  was  only  affected  to  tlie 
extent  of  8  per  cent,,  but  in  this  latter  case  it  is  probable  that 
the  chlorophyll  aeted  as  a  protective. 

A'  similar  action   is  seen  in   the  case  of  the  living  cell  in  the 

I      marked  germicidal  action  of  aimJight  upon  bacteria  of  many  kinds, 


■  TbB  mora  Kotlve  an  erujine  prejnJBtiDD  It  the  mare  rapidly  lb  la  destmyed 
variations  In  enemaJ  iioaditiDm, 
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the  preeervBtion  of  a  normal  physiological  condition  at  the  body; 
in  the  fonnatTon  and  action  of  pigment  cells ;  in  the  powerful 
eflect  upon  epidermal  cells  of  sunlight  apart  from  the  be&ting 
effect ;  in  the  probable  effects  of  insufficient  sunlight,  io  producing 
the  cretiniam  found  in  the  inhabitants  of  certain  valleys;  in  the 
effects  of  light  nnder  certain  conditiona  in  producing  ophthalmia. 
Here  may  be  mentioned  also  the  action  of  varioiiH  other  forma 
of  radiant  eoergy  upon  living  cells,  snch  as  the  X  rays  and  Fin^n 
rays,  and  tKe  radiations  of  radium,  which  act  as  auch  powerful 
fltiinulantfi  upon  living  eella. 

^rfiVm  of  Arid^  and  AJkoJies  and  of  NaUrtd  Salts  upon  Enttfme.* 
and  Liviwf  Cells. — Ir  considering  the  value  o£  food-staffa  such  aa 
proteids,  carbohydrates,  and  fata  as  sources  of  energy  to  the  body, 
we  are  too  apt  to  forget  that  enetpy  ia  not  the  only  tiling  reqturcd, 
and  that  in  order  to  uae  this  energy,  the  integnty  of  t^  mG<^hani-im 
for  its  conversion  or  transformatioa,  viz,  the  living  cell,  is  no  lesa 
important.  For  the  preservation  of  this  integrity",  the  Hiniple 
inorganic  ^Its,  and  a  due  proportionality  between  acid  and  alkali. 
are  no  lea^  important^  and  such  simple  substancea  are  no  less 
Indispensable  thsn  the  organic  food<stu&.  It  has  been  shown 
by  Ringer  and  others  that  normal  physiological  activity  ia  not 
poflsible  in  the  presence  of  the  organic  or  energy-yielding  con- 
stituents alcne^  that  these  may  be  present  in  abundanc^e,  and 
yet  the  tissue  be  entirely  incapable  of  functionating  unless  it  ia 
aUo  fed  with  certain  inorganic  consijtuents-  Ringer  further 
showed  in  the  case  of  the  frog*s  heart  that  there  must  be  a  certain 
balance  maintained  between  the  various  inorganic  conatituenta, 
that  sodium  chloride  alone  could  not  maintain  the  ac^tivity.  but 
that  it  was  neceaaary  to  have  present  both  potasaium  and  calcium 
in  cert^n  balanced  proportiona.  Wor^ng  on  the  basia  of  hia 
expecimenta,  he  devised  '^Ringer's  solution,"  containing  these 
anbfltances  in  the  proper  concentrations  for  the  preservation  of 
physiological  aeti\'ity,  which  has  aince,  in  various  modificatjona, 
l>een  employed  by  moat  subsequent  workers  on  the  aubject. 

The  work  begun  by  Ringer  has  beeo  continued  by  many 
workers,  and  extended  into  observation  of  the  eflecta  of  variation 
of  the  inorganic  saltSn  and  of  acids  and  alkaliean  not  only  upon 
a  mainteuatice  of  physiological  activity,  which  was  the  problem 
chiefly  studied  by  Ringer,  but  also  of  the  effects  upon  rapidity 
of  cell  growth  and  diviaion  and  of  reproduction* 
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The  physiolopcal  balance  of  salt  aolutions  firat  discovered 
and  investigated  by  HingcT,  in  the  caae  of  tba  frog's  h^art,  has 
been  extended  by  I.oeb  to  skeletal  muscle  and  to  marine  organiama, 

P'  and  iiliowTt  to  be  B  general  law. 
In  addition.  Loeb  made  the  moat  important  discoveries  that 
cell  division  can  be  initiated  and  carried  to  an  advanced  stage 
Df  development,  in  the  imfertiliaed  eggs  of  several  oT-ganlfims^ 
by  variations  in  the  ?*aline  conditions  only  ;  that  the  conditiona 
^^jequiaite  for  fertiliaatiun  and  croaa-fertilisatioa  vary  with  the 
^^noiaposition  in  inorganic  salts  of  the  medium,  and  with  its  reaction, 
^Hitid  that  t\\e  rate  of  f^ron-th  varies  with  the  degree  of  alkabnitv. 
^H  These  valuable  results  obtained  by  many  independent  observers 
^^biov  thfi  immense  importance  to  the  growth  and  activity  of  hvJng 
^^cella  of  their  inorganic   constituentSn   and  this  division  of  bio- 

Pchemifltry  ia  rapidly  acquinng  an  immense  hteratuie  of  its  own. 
I  In  8uch  an  action  due  to  variation  in  inopganic  salts,  the  writer 
believes  that  the  Icey  will  ultimately  be  found  to  the  aeoret  of 
tile  cause  of  irregular  cell  diviflion  ia  the  body^,  giving  rise  to 
maUgnant  growths.  For  the  production  of  what  must  be  described 
^^^  ^  pathological  division  in  unfertilised  cggs^  and  the  pioduction 
^fof  pathological  cell  divisions  such  as  have  been  noted  by  Galleoti 
by  the  action  of  inorganic  salta  such  as  the  icxiidea,  must  be 
problema  of  the  same  order  aa  the  causation  of  the  ungoveined 
'  and  pathological  div^aion3^  often  of  very  similar  tj'pe,  found  in 
^Kmolignant  growtha. 

^H      As  a  general  rule  it  maj  be  stated  that  for  the  same  enzyme 
^Bl^e  intensity  of  action  of  a  given  concentration  of  an  alkali  or 

acid  varies  approximately  directly  as  the  concentration  in  HO  or  H 
ions,  the  effect  of  the  other  ion  being  only  of  secondary  im- 
portance- Thua  in  all  caaea  free  allraliea  suott  aa  Bodium  or 
potassium  hydrate  are  many  times  more  powerful  than  the  cor- 
responding carbonates  in  consequence  of  their  almost  complete 
loniaation  as  contraated  with  the  low  ionisetioc  of  the  carbonates. 
Again,  Binmonia,  which  ia  but  feebly  ionised  (about  ^  of  that  of 
Bodium  hydrate)  has  a  correspondingly  feeble  destructive  action, 
'he  same  holde  in  the  case  o£  acids,  the  effect  hero  being  mainly 

^  Id  ^ecE'DOrmol  w^atiouB  Hodium  urboiLnte  bu  only  about  3  per  cent  of 
[the  Goncerjbrati^^n  in  hjdroiyL  ioiu  found  ia  DixJium  hjdiate  (Sbifllda,  £tiUch, 
^y^ik.  Ohtm-t  ToL  12,  p.  1&7), 
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dae  to  the  hydrogen  ion;  thus  organic  acids  BoLutiona,  such  as 
acetic,  which  are  oul^  ionised  to  the  extent  o£  two  or  three  per 
cent.,  have  a  correflpondingly  weak  destructive  effect,  while  in- 
oT^auic  ELcidd,  aiich  &a  hydrochloric,  whicli  in  dilate  Bolution  are 
a1nic>st  completely  ionised,  break  up  the  eDzymoB  with  groat 
rapidity. 

The  degree  of  reaiHtmicp  as  compared  in  different  fermenta  is 
Huhject  to  wide  variation,  dependent  doubtless  upon  tlie  cheiiiical 
constitution  of  the  different  enzymee,  and  ariaing  usually  from 
the  environment  in  which  the  enzyme  has  been  developed-  The 
most  exceptional  enzyme  iu  this  respect  is  pepsin,  which  ia  luoet 
w^tive  in  a  conceniration  of  acid  (i  e.  of  hyilrogen  ion)  which 
woul[l  be  almost  inatautly  destructive  to  nearly  all  other  enzymes. 

The  great  majority  of  ensymCB  are  produced  and  act  in  media 
oi  alkaline  reaction,  and  although  in  certain  instances  it  has  been 
ahowi^  thfit  even  in  the  ca^a  of  these  ferments  the  degree  of  activity 
IB  increased  by  a  slight  decrease  in  liydroKvl  ion  anil  increflse 
in  hydrogen  ion  beyond  their  usual  normal  reaction,  there  is  no 
doubt  thnt  they  act  well  in  fluids  of  alkaline  reaction,  and  accord- 
ing tO'  some  observers  are  at  their  maximum  activity  in  such  media, 
i  While  there  ia  no  doubt  that  all  the  enznnes  oecurring  in 
alkaline  meilia  m  the  body  are  quickly  paralysed  in  their  action 
and  rapidly  destroyed  by  more  than  the  merest  trace  of  free  acid, 
and  also,  that  a  slight  trace  of/r«  alkali  above  the  amount  necessary 
to  form  biearbonate  with  the  carbonic  acid  present  has  a  similar 
effeet :  there  \s  much  difference  of  opinion  in  the  literature  of  the 
subject  ftfl  regards  the  point  of  optimum  action  of  each  ferment- 
The  subject  ia  made  very  hazy  by  the  fact  that  earlier  workers, 
not  realising  that  the  alldmportant  point  was  the  concentration 
in  the  solutions  tested  of  the  hydroxyl  and  hydrogen  ion,  have 
worked  indiacriminately  with  free  alkabea  in  some  cases  and 
carbonates  in  others.  Kanitz,*  who  ia  one  of  the  more  recent 
workers  on  the  subjectj  bos  examined  the  effect  upon  the  activity 
of  trypsin  of  different  alkaUne  hydrates  and  carbonates,  aod  states 
that  the  action  is  dependent  upon  the  concentration  of  the 
hydrcsyl  ion,  and  that  the  range  o£  greatest  activity  hca  between 

T^J-iriu  normal 

it  is  interesting  to  obeorve  that  the  same  effect  of  acids  and 


'  Zci'tecS,/.  pfc^*w^  Chrm.,  1903,  y<\l  ^7.  p-  7fi. 
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alk&liea,  anil  th«  s&Ttie  dependence  upon  hydrosyl  and  hjdrog&n 
{ionfl,  ia  observable  !n  the  case  of  living  cells  as  has  been  described 
^bove  ia  the  case  of  tbe  onsr^Tnes. 

The  rate  of  growth  and  cell  division,  and  the  rcgoJarity  of 
le  latter  proce^,  are  dependent  in  Ur^  measure  upon  the 
reaction  of  the  nii'diiim  which  bathes  and  permeates  the  cell. 
Solutions  of  varions  neutral  salts  in  additiou  have  a  marked  in- 
fluence upon  cell  grortth  and  upon  the  maintenance  of  a  phyaio- 
logit?al  condition  of  normal  metabolism  in  the  cell,  but  it  is  the 
alkaliw  and  acids,  and  thesp  proportionately  to  their  concentration 
^in  hydroiyi  and  hydrogen  ions,  vrliiuh  eJcerciae  the  profounderit 

Luence. 

A  normal  balances  in  the  ratio  of  hydroxyl  and  hydrogen  lona 
most  be  maLutiined,  or  the  whole  of  the  mataboliam  and  life  of 
the  cell  becomes  abnormal  and  morbid. 

The  position  of  pioneer  in  this  subject  must  be  ascribed,  ae 

mentioned  above,  to  Sidney  Ringer,  who  first  showed  the  enormous 

importance  of    even  minute  doses  of  c^ertain  inor^nic  salts  in 

isintaitung    a    normal    condition,    and    proper    performance    of 

physiological  functions  in  living  cells. 

Ringer,  working  before  the  advent  and  about  the  time  of  the 
introduction  of  the  modern  ionic  theory  of  solutions,  did  not 
express  his  results  in  the  language  of  that  theory*  and  spoke  of 
■*  the  aetioi:  of  ealcium  or  nf  lime  of  potassium  or  of  potash  i^alta/* 
of,  as  in  modern  tenninology*  of  '  the  effects  uf  molecular 
itration  of  the  calcium  or  potassium  ion*^'  and  of  the  effects 
of  aeid3  and  alkalies  instead  of  those  of  hydrogen  and  hydroxyl 
ions.  But  there  is  no  doubt  that  Ringer  thoroughly  appreciated 
that  tiiP  effects  he  obtained  were  due  to  the  one  ion  of  the  com- 
bijLation  he  used  although  he  did  not  speak  of  it  by  that  name, 
and  thflt  he  lecogniscd  without  naming  them  as  such  the  antago- 
nistic action  of  different  ions, 

It  is  necessary  to  point  out  the  importance  of  this  early  and 
cla.^aicaT  work  nf  Ringer's,  because  it  appears  to  be  in  danger  of 

I  becoming  forgotten  by  modern  workera,  who  often  do  not  refer 
to  him  in  their  account  of  previous  work,  and  appear  to  use 
*' Ringer's  solution/'  or  mo'Mcatious  of  it.  with  little  knowledge 
of  ita  history,  or  of  the  fact  that  Ringer  by  its  use  had  shown 
the  all-importance  of  ions  for  the  maintenance  of  physiological 
activity,  and  had  demonstrated  the  action  of  sodium,  potassium, 
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And  ckktTtm  iooa,  and  recognised  it  though  aat  by  name  ui  ionic 
actiTitjp  wfaeD  yet  the  ionisatioD  tlieory  had  obtained  but  little 
credence. 

itinger'e  eKperimenta  upon  the  eSects  of  ftcid^  and  allc&Ues 
were,  b>wer«T,  i^nfined  to  the  a^on  of  tb^se  in  mamt&inmg 
I^jnologicAl  Bcdvity,  and  it  remAJced  for  Loeb  to  demonstrate 
iqxm  the  fertilised  ^p  of  the  sea-iLrchin  that  the  rate  oF  growth 
u  appreciftbly  increucd  by  very  miiiate  amounts  of  alkah  added 
to  the  sea-water,  lar^t  fimonnta  stopping  the  growth  entirely^ 

The  writer,  l«d  to  the  subject  from  its  relationstup  to  malignant 
growth,  by  the  fact  that  the  secretion  of  the  acid  in  gastnc  juice 
was  Buppreawd  or  diminished,  and  the  alLaUnity  of  the  blood 
increased  In  cancer,  has  recently  carried  out^  in  coojonctioD  with 
H,  E-  Roaf  and  E,  Whitley,  a  aeries  of  observations  on  the  effects 
of  acids  and  alkalies,  and  of  acids  and  allaline  salts  upon  the 
rate  of  growth  and  character  oi  the  ceil  divi^on  in  the  fertilised 
eggs  of  EnhiniLS  c^citUjUas. 

It  ws^  fouiid  that  a  mere  trace  of  added  sodium  hydrate- 
viz.  YjhnJ  ^10™^^/  iQcreased  markedly  tke  growth  even  in  the 
earlier  stages*  and  not  merely  aflf  r  one  or  two  days,  as  Loeb  had 
previously  found,  wliile  the  addition  of  half  as  much  more  sodium 
hydrate  practically  stopped  the  growth  altogether  the  cells  not 
proceeding  beyond  the  foiir-cell  stage.  Addition  ct  double  the 
(|Dantity.  5^  normal,  stopped  the  growth  entirely.  Addition  of 
hydrochloric  acid  slowed  the  growth  from  the  beginning,  and 
at  ^^  normal  the  growth  wae  atoppcd  entirely,  all  the  ceOs 
Evmaining  in  the  single-cell  stage. 

The  action  of  alkaline  and  acid  salts,  such  as  the  phosphates 
and  carbonateti,  corresponding  to  their  lessened  ccnr^ntration  in 
hydoxyl  or  hydrogen  ions,  were  hs6  effective,  and  these  salt^  had 
to  be  added  in  greater  concentration. 

In  addition  to  the  alteration  in  rate  of  growth,  it  was  found 
that  the  addition  of  aU^ali,  in  more  than  tbe  mininial  concentra- 
*^^'^  "'  TtjW  ""J^Tnal,  led  to  marked  irregularity  in  the  sise  and 
ehape  of  the  cell,  and  to  irregular  nuclear  division.  In  the  large 
undivided  cellfl>  multiple  nuclei  were  found,  and  many  diviaion 


^  That  fi,  000  &a.    of        aUuUi  per  100  cc-  of  Bn-water:  thiff  amoDOEs  (.0 
OdIj  odb  put  by  velihb  of  sodlnm  hydrate  in  £fi.000  parti  bj  TOlnme  of  sea- 


ox  ENZTHES  AXD  UTCfG  CELLS  K-5 

figiiicB  veic  seal  viik  tkc  fhriMnntm  iCDBOBd  ib  ^mihitt   Mxtd 
la  n^pwh^g  ol  ckfomoMMDCL    In  BkuiT  tamm  iUiibub  vnk  ttov 

In  the  ^^B*  10  akifh  a^ti  kftl  l***w  — Mwl|^  lift  iBcfa  infTQftdp 
ID  Dnda  vaft  <ilaaTedT  nor  "m****^  dmaoti  fignns,  mad  in  muiT 
cttflcft  >1*^  dutnttCtn  Appennd  to  ham!  t*****  nctcid  mw*  dwmicallT 
and  to  IttTC  diaBppenrrd- 

The  fixprrnncDts  tDasmtc  the  ^m****  Mnstiveness  <rf  ibe 
fiTinfc  ceQ  to  ruunoDA  in  oonccntzaiMHi  ol  the  hydroxYl  and 
liydTogen  ion.  and  the  importance  cf  a  ""^"mI  reaction  cf  the 

miwhnm  loc  n*Jl  tfHM|h  and  dlTlSOiL. 


Actios  or  AxnsKracB  ato  Pvoron-uvic  Poisoss 

There  is  here  a  great  ^mm^t^ive  differenoe  in  action  apoo  eorrme 
and  fiving  ceU  respectivetT,  whid  [HtibabiT  baa  for  its  caose  the  more 
coaq4ex  and  h^Jy  organised  chemical  stractme  of  the  celL  cauang 
it  to  enter  mere  readily  into  combinatioo  irith  the  antiseptic^ 
That  the  (bfierenoe  ts  a  qoantitAtive  and  not  a  qualitative  (Hie,  how^ 
ever,  is  shovn  deariy  by  many  experimenta  idiicb  go  to  prove 
that  many  of  those  flubetanoei  which  afeet  cella,  and  either  render 
them  inert  or  permaneDtly  destroy  them,  have  in  greater  con- 
centiBtion  a  simiUi'  action  opon  enzymea.  Thoa  alcohol,  chloro- 
form, salicylic  acid,  carbolic  acid,  thymol,  and  aodiam  fluoride^ 
which  were  at  odr  tiioe  regarded  aa  affecting  hving  cells  only 
and  without  action  npon  enzvmcfi,  have  now  been  shown  by  vanons 
obaerven  to  more  or  leas  retard  the  action  of  enzymes  also,  and 
to  destroy  them  in  p^&ter  concentration,  altboogh  the  action 
vaiies  in  degree  in  different  instances  and  is  always  less  than  that 
□pon  the  cell.  The  greater  degree  of  action  of  such  substances 
npon  cells  has  been  often  taken  advantage  of  aa  an  esperimental 
aid  in  observing  the  nature  and  products  of  reaction  of  enzymes. 
especiaUy  of  those  proteoclsstic  enzymes  which  act  in  an  alkaliDe 
medium.  For  such  substances  atop  the  growth  of  the  pntre- 
factive  bacteria  at  a  concentration  in  which  they  have  little  action 
upon  enzymes.  This  experimental  use  of  antiseptic  ^:ents  was 
first  made  bv  Eiihne  in  studying  the  products  of  action  of  trvpsin. 
In  choosing  such  an  antiseptic,  one  ought  to  be  selected  which 
possesses  a  strong  action  upon  cells,  but  as  little  as  possible  up 
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enzymes,  and  one  wbich  ia  now  often  us^  for  the  purpose  on  thu 
account  is  toluol  Another  eubetarce  said  to  be  almoab  witbout 
action  on  enaymea,  but  oost  toxic  tor  cells,  b  hydrocyAnic  acid; 
jt  etopfi,  howeveir  the  property  of  acting  upon  hydrogen  peroxide 
which  13  common  to  nearly  all  enzymes.  Such  unbatanc^s  as 
antiaeptirj?  and  anaESthetics  produce  their  effect-s  by  combination 
with  prol^id  or  protoplasm  ;  and  Biace  all  enzymes  and  cells  must 
be  allied  in  consisting  of  oolloida  related  in  charEkcter  to  protcid, 
it  is  evident  that  an  ideal  substance  which  will  affect  ttke  cell  and 
not  the  enzyme  is  an  impossibility.  As  a  result,  we  have  no  hard- 
and-fast  criterion  as  to  whether  a  giyen  effect  is  produced  by  an 
eniyme  or  a  living  cell,  e.tcept  where  living  cells  can  be  ruled  out 
by  microecopic  esaminaticn.  For^  while  active  cells  are  thrown 
out  of  activity  by  protoplasmic  poisons  much  more  readily  tbaa 
enzymes,  there  exiita.  bridging  over  the  interval,  the  sporing 
form  of'  the  cell,  which  showa  the  same  reaiHtance  to  the  chemical 
reagcnta  that  we  have  already  seen  in  the  caae  of  changes  in 
temperature. 

The  only  true  test  is  that  of  being  able  to  grow  and  produce 
the  cell  in  pure  culture,  and  then  obtain  with  it  the  previoosly 
observed  chemical  or  biological  efiect.  Unfortunately,  this  ia 
many  instances  fails,  notably  in  the  c^se  of  manr  of  the  commonest 
infectious  diseasec,  and  we  are  left  unable  to  trace  with  certainty 
the  cauEatron  of  the  disease  to  any  particular  micro-organism. 

A  good  example  oi  t.luB  ia  to  be  met  with  in  the  case  of  ordinary 
Tftccinc-  A3  ia  now  well  known,  thanltfl  to  the  labours  of  Gopeman 
and  of  Green,  this  can  be  kept  in  contact  with  glycerine,  or  better, 
with  chloroform  water,  until  all  extraneous  organisms  have 
l>erisbed,  and  nothing  can  be  grown  from  the  preparation  in  culture 
media  ;  ret  the  virus  is  still  present  in  almost  unabated  power, 
as  ia  shown  by  obtaining  the  typical  effect  on  vaccination. 

The  virus  may  here  either  be  a  very  resistant  epore,  which 
remains  aUve  after  all  the  other  organisms  have  been  destroyed 
by  the  ohloroformn  which  cannot  be  cultivated  upon  ordinary 
nutrient  media,  and  only  commences  to  develop  in  the  scfum  of 
the  living  body  after  vaccination ;  or  it  may  be  that  the  virus 
of  vaccine,  as  suggested  by  the  writer,^  is  an  enzyme  with  the 


^  "  A  Chpmlf^ji]  Thmiy  as  ^^  T-hfl  PropapBtioE  and  Development  ot  CtrtMSn 
lnf«tJCius  Uittm&tiri,  '  The  Jotitvuil  of  Statt  Med-.cin^,  April  19<K, 


KBGATTTE  CATALYSTS  V& 

ptopatf  ol  fgpiudMag  iatM  m  tfe 

an  sxiovi  tkai  all  ^^A^*^^^   sas  be  tmroBd  bv 

or    pwutea.    X^w.    ah&i?B^    i^    haa    been    ini  ■■<!  ttww  rritJ j 

dcnumaOAiEd  n  vain  cms.  E£  pfll  as  Miay  otkcn.  aad 

i"''*t*^™g  Uk  EXitt  eoBzuiA  r  *!  mill  dneaaea.  m  ifoe  of 

nmnaafale  ati^msaA  do  ^k^aal  «aai 

parastc  or  macfty-^^zacaaa  haa  been  mcv^  u> 

If  die  alMTe-o^ataoBBd  ax>)iB.  ii  caetaL  tbot  it  fobwi  tsA 
vacant  pRp«r-d  «^  ica^aroianK  ■■N 
ibablc  Erring  c^tm.  bai  odurwse  tbe 
is  far  ta£m  aaoc^r  i*  farrvir  ot  tke  vir^  banc  an  aavmtt^  v^ 
prodncitkg  it^eff  in  ^oie  i"*^-*^  'ieaerib«ii  OEider  mmo-^maiLjin. 

Al  anr  rue  for  zix  pnsms.  uw^  ^aat  aiaj  vrrv  a<  ao.  fTMpip 
oi  hov  di&ah  it  oten  b  to  'j^rjde  vi^tiser  a  c^rvn  wmcn  m  tbe 
remh  o£  an  aurxt^  or  a  ^rinc  ««S,  b.i.iii  fbe  ance 
wtuch  a£ect  od£  siziil^T  a^f!t  su  rMJUx^ 


Tbe  ca£aH?Q  nicts.  T-t  i^t^  '::i^iit>rv^  been  vicaAsx^Da  azv 
thooe  w£iicb_  br  ^zi^lr  ii:^:c  z:  ^-^-r-an^f  rwdCaa»v  iscnade 
the  velocity  <x  a  nA^r^^^c^  \iz  a  lo^i^r  of  sobfltaci^is  an  kncwa 
whkh  uiCT^Ai^,  ;ai±  :^9uu.^jv  4;ui  *o  ■^-Tr^rJan  thtt  r^ic^rr^  of  ^ite 
rracdon  wi^i-,TiE  ?>^.n;£  'lArjgiti  -Jii«na*ttT*»  ia  the  procMB.  -Sicn. 
bodies  hav*  -.^iec  o^r^^  -7  '>*t:w^  rjeca^rr*  '^izil-jia,  Li  ^m 
lan^naff?  o£  ocr  i^r:!.^!^  -,i-.**^  V/ii.'s  iiciiriaa.  ttie  tmis  of  Z  ine 

cataljtk  It.  thttr  ird.:c  ^*  ii^r/xc«trazi«  57  tiw  *irr>rta£i7  Tnfs:ita 
qaannn«  si?ri*-*aar7  v.  iii-T  the  r^*:r:i'>c  ia  coflipAraftti  wxh.  ^iie 
qoantici^a  ot  »T^■^^.^7.^^:m  ir.-^  iir.r.-  T^:m  El^riow  hia  1^^.";^ 
that  tha  pri>-*^!Lri»  ;t  i-xa  *  .r«r_:2iai  zryjt  r,i  Eaimiti*  w 
OOjO/AI-I  ett-  p*r  vir.Ti^  '^*T:r*2:«cr'»  r'fliirj^  rh**  T-iiijriiy  -if 
oxidatit^fi  Qt  ¥.*'•  TlTj^  *^  i7*ar;  ir.  in:x^ir_'  of  *fj^--?r_  jiilpoiie  in 
solodoti  bv  orj*-2^f.  i.-ji  *  't'  T'-";:;^  iiAii  »ii*jTr.  th^  ztie  oiddaxioci 
of  Jtan^oca  liij^rJi.*  ',r  vrl::;:^  »i;lpiiit«  is  flTi^ilarij  rednced  bf 
mere  traces  of  islacj  '.riar-;r.  ^iii'-flt-trxwL  ncK  m  ii*^n*:iiift.  bmcii 
morphine.  f^T^Tiirw    4i'..:~i^.  .-nftr.rutf^  acii  c>otaiHiTim  itraouie^ 
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first  shown  by  Graham,  the  oridation  or  ignition  of  pJnisphorm  is 
alflf>  prevented  hy  traces  of  organic  substances  Buch  as  turpentine, 
alcohol,  ether,  and  ethyl  iodide^ 

The  number  of  such  negative  oatalysta  bnann  to  ub  ie  not  so 
large  flfl  that  of  those  which  incr&asa  the  velocity,  but  this  is 
perhaps  due  to  the  fact  that  the  interest  and  attention  of  the 
cLeraiflt  have  been  chiefly  directed  towards  those  subatanees  which 
cause  cr  hasten  reaction  rather  than  to  such  aa  atop  or  retard  it. 

We  have  akcady  seen  that  the  reactiona  caused  by  cuaymea 
do  not  proceed  with  a  meaaurable  velocity  iu  the  absence  of  the 
eraymes,  in  fact,  do  not  appear  to  occur  at  alh  and  hence  there 
is  no  neceaaity  for  the  existence  of  negative  enzymes  in  the  body, 
and  none  such  have  hitherto  been  described, 

It  wil]  be  pointed  out  later  that  the  existcnCQ  of  negativd 
catfllyata,  as  has  been  urged  by  Ostwald,  la  a  point  of  evidence 
against  the  view  that  the  mode  of  action  of  catalysts  is  in  all  cases 
by  the  fonoabion  of  intermediate  compoundfi. 


Ahtt-Cataltsts,  Anti-Ferments,  and  Antt-Enzymes 

Under  the  name  of  "  Antikatalyaatoren*^  or  "  Paralysatoren'' 
Bredig  has  designated  those  substances  whieh  by  thecr  presence 
in  amaU  quantity  retard  or  stop  the  action  of  a  catalyst.  Such 
bmlies  diJTer  from  tie  '*  negative  catalysts"  mentioned  above  in 
that  they  do  not  retard  the  reaction  by  directly  acting  upon  the 
Bubstratum,  but  by  acting  upon  a  positive  catalyst  which  is  present 
and  preventing  or  retarding  its  action.  Bredig  places  these  sub- 
Btanoea  in  analogy  with  the  antitoxins.  Strictly  speaking,  all  these 
suhjrtarces  oiii?ht  to  be  placed  in  tliis  group,  which  have  already 
been  described  above  as  affecting  enzyme  action,  such  as  adds 
and  alkahcs«  neutral  salta*  anaesthetics  and  antiseptics ;  but  it 
is  better  to  reserve  the  term,  ii  it  is  to  be  used  at  all^  for  substances 
which  act  after  the  fastiior  of  catalysts  of  a  second  order,  bo  to 
Hjieak.  in  quant:ti'*a  eniall  compajed  to  the  amount  o£  the  primary 
catalj-st. 

An  example  of  auoh  an  action  is  tho  **  paralysis  '*  of  the  ac^tion 
cf  solutions  of  colloidal  platinum  upon  hydrogen  peroxide,  by 
the  addition  of  tracea  of  hydrocyanic  acid.  Thus,  Bredig.  Mliller 
von  Berneck,  and  Ikedft  found  that  the  addition  of  OOOiXOOO.OOl 
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gncL  hTdrocyanio  acid  per  cubic  centimetre  to  a  colloidal  pUtinum 
fiolutioa  containing  0'000,006  gnii.  platinum  per  cubic  oeiitimijtre 
reduced  the  intense  action  of  the  plabinsol  upon  hydiogeii  |.ier- 
Oiide  to  half  its  original  value.  Here  it  is  to  be  noted  tbat 
although  the  quairtities  of  both  platinum  aod  hydrocyanic  acid  are 
small,  that  of  the  platinum  ia  6000  timea  aa  1arg»:^  aa  the  hydro- 
cyanic acid  ;  hence  there  ia  du  atochiumetric  relaliuunhip,  and  the* 
action  cannot  be  ascribed  to  any  chemical  combination  in  deHnite 
molecular  relationjihip  between  the  colloidal  platiiiutn  and  iho 
hydrocyanic  acid.  The  paralysing  effect  of  the  bydrocyantc  acid 
can  be  removed  by  passing  a  stream  of  air  through  the  aolution 
and  so  removing  the  hydrocyanic  acid-  The  "  recovery  "  ahowa 
that  the  cataljat  is  not  destroyed  by  the  "  poison  "  of  the  anti- 
cotAlyat  but  only  inhibited  during  its  precence- 

Tbe  catalytic  action  of  platinum  upon  bydrogeo  peroxide  or 
water<gaa  ia  also  anti-catalyaed  by  tracea  of  many  Eubstaticea  of 
which  the  following  list  ia  ^ven  by  Bredig  :  IcKJitie.  mercuric 
cUoiide,  hy^rogCT  aolphide,  sodium  thJoBulphate,  carbon-moti* 
oxid^  phofl^^nja,  hrdrogen  pboophide,  hydrogen  arsenide,  met' 
curie  c^ranide,  carbon -bisnlphide. 

In  diia  gronp  must  also  be  placed  the  anti-ferments  or  aad- 
casymea  whicb  have  been  ahown  to  exist  in  the  caae  of  the  majoritj 
of  tlie  c&xjmca,  Thiese  have  naually  been  obtained  by  tiw  pioecM 
«f  iiqectioQ  into  aa  animal  of  aolutknui  eoataioing  tb«  totym^ 
m  qoestaop  for  a  period,  and  then  separating  the  animal's  aerum 
and  Jwnnna^ating  that  it  oaotaina  a  aubataace  capable  of  atopping 
&B  aotiao  cl  tbc  coxyme. 

Tka  fint  aoti-eD^riiie  waa  abown  to  eaiit  by  )ioT^vttF<Ah  in 
ike  «asft  of  avti-TCniua  {**  Aot^ab."} ;  be  obui&ed  it  in  a  aiaukr 
to  an  an&toEm  by  inJMtua  ol  incrtftuig  doaea  of  rcflMt 
that  bdth  fcbe  aemD  aod  tbe  milk  of  tLe  iD' 
in  a  ki^  decree  the  povcr  of  prevtsittag 
tfce  eoagokticxi  al  cajcmogtM  by  tbe  action  of  reomn.  Aod- 
faira  obt^ncd  to  p^w,  tfTpn,  fibnn  lenucut, 
d  trranase. 
U  has  ban  ar^  tbat  this  reactMn  <d  tbe  tinoe  adb  to 
tbat  tbe  toxnaod  diaeaae  and  ^aiioai  pOMM  a| 
aooree  act  amdai^  to  «ttywsa,  aad 
in  m  ■mOar  catalyt^  hMoa,  andl  dMsr  acboa  i*^ 
bylbe  ywJflftM  hj  t^  tiaw^  adb  <rf  the  a[|iTfi|irisiaj 
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a^ititoxlii-  Althouf2:b.  there  ia  no  doubt  whatever  as  to  the  pro- 
duotion  of  the  antitoxina  and  of  the  anti-enzytnes,  we  do  not 
yet  know  enough  regarding  tbe  processes  to  generaliHe  as  to  the 
action   of   t3xl[iB   and    enzymca   being   the   same,    and   the    wide 

leralitj  in  the  reaction  of  the  oella  in  producing  an  anti-body 

almost  anything  which  ia  presented  to  them,  as  has  now  been 
demon^tratGd  for  hundreds  of  bodies,  indicates  tb&t  the  forma- 
tion oE  the  anti-body  is  a  general  act  of  protection  of  the  tisane 
cella  and  not  one  specially  directed  against  catalyste  or  enzymes 
only. 

WeinJand  states  that  nnti-trypsin  esista  ready  formed  under 
normal  conditions  in  th«  cells  of  iiiteatinal  worms,  and  in  the  cella 
of  the  int^Lstinal  mucosa,  as  shown  by  the  fact  that  cell-free  extracts 
of  these  protect  fibrin  against  tryptic  digestion-  The  proteids 
of  the  serum  in  unaltered  form  show  a  great  roaiBtaiLce  against 
trj-psin,  whioh  ia  lost  whoa  they  have  been  etiemieaUy  altered 
by  coagulation,  or  the  action  of  chemical  reagents,  and  thia  re* 
sistanoe  has  been  ascribed  to  the  presence  of  an  anti-trypsia. 

Since  the  diacovery  of  entcrokinasc  (see  under)  the  view  haa 
been  advanced  by  Dastro  and  by  Deleaeone  that  the  effect  o! 
preventing  the  action  of  the  trypsin  is  not  due  to  an  anti-tiypain 
but  to  an  snti-kinnsE,  which  preventa  or  opposes  the  activation 
of  the  trypsin  by  the  enteioldnaae  (see  p-  111). 
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The  Y*rions  enzymea  are  not  at  first  produced  in  an  active 
form  in  the  cells  of  the  glande  which  secrete  them,  but  as  inactive 
substances  called  srymogers  or  pro-ferments-  This  was  first  shown 
by  Langley  in  the  case  of  pepsin,  and  the  precursor  of  the  enayma 
was  termed  pepsinogen.  The  method  of  wparating  pepsinogen 
and  pepsin^  by  their  varying  reaistance  to  alkah,  which  atta^^ka 
pepsin  with  much  greater  rapidity  than  it  doea  pepsinogen,  was 
later  given  by  I^angley  and  Edkins.  Trypsinogen,  the  zymogen 
of  trypsinj  was  later  shown  to  eiiat  by  Heideiihain,  and  since  then 
the  existence  of  a  prc-fermcnt  has  been  shown  for  most  of  the 
ensymeSi  These  zymogens,  as  has  been  stated,  are  inactive  while 
in  the  cell  and  eirist  in  granular  form  visible  under  the  microscope  ; 
they  are  converted  into  tbe  active  form,  either  at  the  time  of 
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wliidi  bftTc  bcm  teamed  xrnio-exatAtvm,  oc,  in  ostain  nnrr, 

Thv  action  k  poneflsed  br  aD  dibne  aradfi.  and  it  is  jmbfthhr 
in  tiiv  VST  dat  pF^Amocm  and  prodjriDCHn,  t^  zpno^eitt  of 
pepBo,  and  ol  reniai]  cr  chrmooiL  m  actTrvtod  in  like  ajimmrat 

Ib  tLe  cau  <d  t^  tfypmio^eai  ctf  t^  puvrealic  jiDDe  it  am 
been  dkovn  br  I^rkT  i^  Cbepovalmkofi  t^utt  die  acdrvboii 
taktt  pJaoe  bv  wiftart*  cd  a  mbecanoe  aecrcicd  br  ilic  nmestiDal 
mncoaL  It  was  fonod  T^iai  vliik  i^  secraian  irasB  a  panaeabc 
fistula  had  acamtsk  any  arD^n  upon  prccod,  tike  additraD  <d  a 
amaU  qnanmy  of  sareta  emcrkitt  canaed  it  npdbr  to  become 
Tiery  actirt  Sudi  acLtou  toc£  ^^aoe  onh*  i^nci  1^  Uijjcdu  and  doc 
opon  tbe  otber  pro-ieniiEni±  of  tli£  pancnaar  jiDoe-  but  azi  tDcreasp 
in  dkc  acaritT  oi  libtr  IJifo-dLuEiJe  enrrme  excused  on  tht  ad^taon 
ofbOe. 

The  Bobeu&oe  vio^  ao  fa^sared  aa  a  ^^nK^^xdiaifir  cr  lanaae 
to  tiypsiDoe«!n  vac  calkid  rrAenkmoK  bj  Pavlov,  aitd  bac  Hmw 
been  the  Rib}«ot  of  mndi  mr-eaz^atSoEi  and  djac^nffkni  as  to 
wbellio-  it  IF  JtwH  a  troe  Jenttept,  a  ~  iemaan  of  faiDfgt-~  ac  ii 
was  Btrfed  bj  it*  diaocrrerei.  no  t^sjlt^s  h  a*  a  jgipffil.  cm  aoccnnn 
of  the  fiToaJ]  qoamjTx  MTfyarirr  tio  aciivatt  a  niiKi  Ibject  ajnocEi 
of  UvpaiKc^ii-  *id  tbt  iari  tij«  it  it  6*sirfn'»)d_  ahiitra^t  ak/wir^ 
at  the  QsuaJ  teiriientn:!*  erf  de^cranikc.  t«f  enzrnief  i6-S"  0.  u 

I>ele«enae  aiid  Ijastr*  tiid  irt^jer  Fj^riC-i:  obstoT^r^  d«.T  diw 
enteix^iikaat  i=  i^i.  fz^r^iiifiL-  tr^r,  ^'.-tifjIct  iJiai  Jt  fonof  a  oomttanud 

This  -view  is  hksK  ^z^^'.r.  li**:  r/iiserTaticiTtf  iLai  b  d?£r:h*  i=riy;;i.i 
of  enteTT^Qjaae  va*  7v-~LiT^  vj  deTtI"Ji>  li**  maiimuit  *??>fpr-_i 
of  activitT  ia  a  gvsL  ijii'jiiia  ic  trrpfdi^cctr^  Tbtrr  Ltucr  recirj 
the  €iit*frociLaae  ^  &l  "  BTLi-O^TV-c  "  iu  t±»*-  laijiffTiae*  of  ELrb:^i_ 
which  Berr+*  Vj  li^  vj£«Lh*7  lirf  KCtafi^  prr^wid  aitd  tij* 
trrpsBCise:^  aid  so  r^rii**  iMr  >r:*^d  c>5aT*ij».  A  hinb*r 
snppon  icr  xlis  rin  viii  lit  F^pTKia^id  obeerrifDC'i,  t^T  ^^ii^rc- 

aoluijon^ 


no 
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dep-ee  on  extraction  of  the  mucous  membrHne  witli  boiling  Baline, 
auj  Biery  and  Henri  state  that  tliey  have  heated  enterokinase 
(or  twenty  miimtea  to  120°  C,  without  entirely  deHtroyiog  it9 
action. 

Baylisa  and  Starlings  however^  Lave  brought  forward  strong 
evidence  in  favonr  of  ent^rokinase  being  a  fennert.  Thus,  they 
have  fihown  that  there  la  no  Htocliiooetric  relationship  between 
tho  amount  of  trrpalnogen  nod  the  amount  of  ontctokinoae  nccea- 
aary  to  activato  it,  ba  little  ae  OOUil  c.c,  of  an  active  cnterokinaBe 
being  capable  of  aotivattng  5  c.c.  of  pancreatio  juice  provided  it 
waa  allowed  two  cir  three  days  to  act.  The  rate  of  activation 
was  alao  found  to  be  proportioned  to  the  amount  of  enterokinaHe 
added.  Bayliss  and  Starling  accordingly  consider  that  the  obser- 
vation of  Delezenne,  that  a  definite  amount  of  enterokinaBe  ia 
required  to  produce,  full  activation,  waa  due  to  a  aiifficient  atten- 
tion rot  having  been  givnn  to  the  time  relationships  ol  the  reaction, 
flo  that  the  fiiU  electa  of  the  smaller  quaDtitie«  of  added  entero' 
kinase  were  not  aUowed  to  develop,  ncd  sooondly  to  slew  auto- 
deatru<^tion  of  the  trypsin  fijat  formed  in  the  longer  period 
necessarv  to  effect  the  conyerHiDn  with  the  amaller  quantitiea  of 
enterokiuasc. 

It  is  an  observation  dating  baok  to  Kiihfie"'a  earlier  e?cperimentfl 
ttat  in  preparing  active  extracts  of  pancreas,  the  trypainogen 
of  the  fresh  gland  cells  can  be  activated  by  extraction  with  very 
dlhitc  acids,  such  as  acetic  acid,  and  that  such  treatment  always 
yields  oaore  powerful  cKtracta. 

Since  the  diacovery  of  ent«rokinafl9,  Vernon  has  also  shown 
that  an  inactive  pancreatic  extract  can  be  rendered  active  by 
addition  of  an  active  preparation,  or  of  an  active  commercial 
trypsin  preparation.  This  was  attributed  by  Vernon  to  the 
presence  of  an  enterokinaae  different  iji  Kimc  of  its  reactions, 
6ucb  a^  greater  sensitiveneaa  to  alkalies,  from  mte.3tinal  entero- 
kinaae . 

Baylies  and  Starling  found,  however,  that  this  did  not  apply 
to  pancreatic  juice,  which  they  found  remained  inactive  not  only 
when  treated  with  active  glycerine  pancreatic  extract  supplied 
by  Vemonj  but  also  when  acidified  with  weak  or  strong  acid 
and  then  neutralised  or  made  alkaline  after  varying  periods,  oi 
when  left  in  contact  with  fibnn,  yeast,  taka-diostose,  platinuin 

:k,  gastric  juice  in  acid  or  alkaline  media,  saliva,  hydrogen 
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potukk,  ukd  Mifam  ^-^^g*"*  Tbe  foiee  Mood  most  of  time 
trntnento  extnnalj'  «vll.  I^tt  m.  ii  mold  be  ecdnfeed  Alter- 
wwds  by  cntero&jDNK,  Tbc  Mthore  aoccvdic^  Rfud  tbe 
actkn  of  r  itf  r  r  n^iimrr  lA  ^btolAclf  ii***fi''- 

7^^  TTTc  oiuUe  to  oom/BWk  dw  Hetement  ol  Delennae 
BMstfioaed  AboT«,  that  £bf»  toot  op  cntooktBtte  ftovo  eoinooft. 
as  also  ihst  vmevokhioae  eoold  be  ofauiaed  from  Ijmphmtic  givids 
or  Pttjd'a  potcbee  m  ototed  br  Dckcenne,  but  lovmd  h  qxdfi- 
coUt  ooofiiied  to  Oie  duiooqs  ooembiuhe  d  the  hdaU  intoBtiiK  in 
it6  upper  portioQ,  «jnn4rta  ol  the  pukcoias  Doombraoe  of  Uw  iteuoa 
bong  tDftctivd. 

Portlier  eviddicc  broo^l  focn&rd  in  tJkeir  second  papvr  t^ 
Baj-Uss  «jid  SUtfiof  eguDst  trypaiii  beu^  caoBklered  u  uij 
oonipootid  o£  trypaaogeo  uid  cuton^iikue  wu  derived  from  tbe 
fonutioii  of  thjt  Anti-bodr  (uUi-lEmue)  in  tbe  uiiiiLil'a  aemm,  u 
a  resolt  of  sabcotaneoos  injection  of  entcrokiiuse-  On  tbe  view 
of  DekieoDe,  tbe  AUti-tryplic  action  of  DOiiaal  semm  miLSt  be 
due  t«  anti'ldnaae,  Dypein  cooaiflting  of  Idnaae  (entcrokiiiasc)  aud 
tiyp^ogen,  uul  bence  ffabcutaneous  injection  of  kmaae  (entero- 
ktnaae)  sbould  increaee  the  anti-tryptic  action  of  semm.  TbiSf 
bowevei,  it  was  not  found  to  do.  but  to  prodooe  a  directly  anti- 
kuiasic  bodv  instead,  n^uiralising  ent^rokmafit  if  It  were  allowed 
to  act  upon  tbja  before  tbe  mixture  w&a  added  to  a  tiypsnc^en 
solution. 

The  authors,  tber^fofe,  conclude  that  the  anti-tiypsin  of  nonnal 
Benim  b  rea]]y  anti-trvp^n  or  tbe  antj^body  of  a  specific  sub- 
stance trrpAin,  and  not  anti-kinaae. 

Activation  in  the  ca^  of  the  superozydades  is  produced  by 
mmute  traces  of  alkahe^,  which  cause  a  marked  increase  in  the 
action  upon  peroride  of  hydrc^n  possessed  by  the  solutions  of 
most  enzymes  and  tissue  extiacts. 

The  action  of  the  mangane^  salts  in  increasing  the  power 
of  laccaee,  and  of  catcium  salts  in  increasing  the  rapidity  of 
action  of  the  coagalating  enzymes,  may  also  be  mentioned  in  tbii 
ccmuectlon. 

In  inorganic  reactions  examples  of  similar  effects  are  aeen  in 
the  action  of  minute  traces  of  copper  salts  in  aiding  the  catalyas 
of  hydrogen  iodide  and  hydrc^en  peroxide  bj  iron  salts,  and  in 
the  action  of  trsc^  of  alkali  in  increaiing  tbe  power  of  colloidal 
platinum  solutiona  upon  hydrogen  peroxide. 
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Adto-Catalysts  ANT}  Infection 


In  the  comae  of  any  reaction  the  products  fonued  may  them- 
selvea  in  certain  caaea  act  as  catalysts  and  alter  the  velocity  of 
the  reaction.  For  example,  in  the  hytirolj'aia  of  esters  by  water, 
the  procesa  is  at  first  so  a!r>w  aa  to  be  inappreciable,  but  as  the 
process  goes  on,  the  hydrogen  iona  of  the  acid  set  free  in  the  reaction 
itaelf  act  afi  a  catalytic  agent  upon  the  portion  of  eater  atill  uD- 
decomposi^d  and  hasten  the  reaction.  To  auch  a  process  Oatwald 
haft  afisigned  the  lenfl  of  "  auto- catalysis,"  and  has  pointed  out 
that  such  a  proceas  may  play  an  important  r61e  m  biological  pro- 
ceaaea,  and  tliat  the  courfip  of  aucl»  ante -catalytic  reactions  bear 
a  cloae  analogy  to  the  phenomena  of  fever. 

If  the  eubatancc  produced  acte  oa  a  negative  catalyst  it  will 
hava  only  the  effect  of  making  the  reaction  run  more  alowly, 
and  aa  its  effect  will  incrense  with  rising  (concentration,  the  result 
wi!l  be  that  the  course  of  the  reaction  will  resemijle  that  of  an 
ordinary  reaction,  save  that  the  tendency  to  nm  more  alowly 
as  the  equiUbrium  point  is  approached  will  be  increasi.'d. 

When,  however,  the  substance  formed  in  the  reaction  acta  ag 
a  positive  cataiyat,  the  course  of  the  reaction  becomes  markedly 
changed  in  a  most  interesting  fashion^ 

For  while  the  ordinary  non-catalysed  reaction,  or  a  reaction 
IB  which  the  concentration  of  catalyst  remains  constant,  as  in 
all  those  which  we  have  previously  con&ide.red,  the  velocity  of 
reaction  dimimshea  steadily  onward  from  the  beginning,  in  an 
auto -catalytic  reaction,  as  the  quantity  of  auto-catalyat  increaaea 
as  the  reaction  proceeds,  the  reaction  ia  correspondingly  hastened^ 
Hence  a  reaction  of  this  type  may  begin  by  liejng  barely  perceptible, 
but  gathering  way  as  it  proceeds  Like  a  descending  avalanche, 
may  in  the  end  become  stormy  or  explosive. 

Examples  of  such  auto- catalytic  reactions  are  seen  in  the  ten- 
dency of  many  eiploaive  substanceJi  to  spontaneous  explof^on.  Thus 
11  guu'cotton  be  not  most  curefully  washed  Eroiu  oiidea  of  nitrogen, 
these  producta,  present  in  too  minute  quantity  at  first  to  cause 
Emy  change,  may  sot  up  a  slow  and  at  £rat  inappreciable  reaction, 
which,  slumbering  at  firm,  gradually  increaiea  in  velocity  and 
finally  firea  oS  the  guu-cottou. 
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A  good  example  of  auto-catftlysia  is  quoted  hy  Ostwald  in 
the  case  of  the  action  of  nitric  acii  in  dissolving  metals.  Aa 
h^A  been  noticed  by  Hevernl  observers,  pure  Ditric;  anid  free 
from  nitrous  acid  scftrcelj  at  fi'^t  attacks  many  motala,  auch  aa 
coppor,  mercury,  and  zinOj  although  the  impure  acid  readily 
oxidises  them  with  production  of  nitroua  acid.  If  a  trace  of  a 
itrite  be  added,  however^  the  reaction  at  once  commences  and 
momentarily  hiM^oraes  more  energetic,  a»  iL  is  continually  auto- 
cataijeed  with  increasing  energy  by  the  nitroua  acid  iormed  in 
the  lenction. 

The  writer  has  pointed  cut  that  euch  a  proceas  of  auto-ctttaiyBJa, 
induced  by  a  trace  of  enayme,  may  be  the  means  of  infection, 
and  of  the  reproduction  of  the  viina  in  many  of  those  infectious 
diseases,  Jtuch  as  the  acut^f  exanthfimata,  in  which  notwithstanding 
muck  bacteriological  research  no  causal  connection  of  any  hving 
organism  has  yet  been  dtMnonstratcd- 

The  incubation  period  would  be  that  required  for  the  pro- 
duction, of  the  auto-catalyst  in  sufficient  quantity  to  cause  a 
^general  reaction  with  the  tisane  cells.  The  anto-catalyat,  which 
would  act  as  thti  toxin  uf  the  diabase*  would  still  go  on  lucreading 
in  quantity  until  it  had  attfuned  tbc  conceutration  for  maid  mum 
€ffeot;  but  at  the  same  time  the  tisane  cells  would  react  to  it 
as  to  an  ordinary  tosin  and  produce  the  antitoxin,  by  which  the 
toTin  would  be  nputialiaed  and  rendered  inptt,  and  so  the  course 
of  the  disease  would  he  limited- 

The  length  of  time  and  the  exactneas  of  duration  of  the  incuba- 
tion period  form  no  objection  to  euch  a  view,  for  the  time  of  the 
initial  period  of  auto -catalytic  reactions  is  often  prolonged^  and 
the  duration  oE  the  incubation  period  would  be  determined  by 
ithe  reaction  of  the  tissue  cpMs  affected,  and  would  but  IJttle  depend 
upon  the  amount  of  the  trace  of  auto-catalyst  which  originnllv 
carried  the  infection,  unless  this  were  very  large, 

Furtheff  it  may  be  pointed  out  that  in  many  cases  in  which 
the  toxin  arises  from  the  products  of  bacterial  growth,  the  lenpth 
of  the  incubation  period  depends  upon  the  period  of  reaction  of 
ihe  tiaaue  cells,  and  not  upon  any  cycle  of  development  of  tlie 
parasite.  aH,  for  example,  in  enteric  fe\'er,  where  the  Baciilua 
typhosus  poHsessea  no  period  of  growth  corresponding  to  the  period 
i  incubation. 

Finally,  variations  in  immunity  in  different  individuals  here, 
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oqaally  as  in  pvvsitic  iniectjoikj  will  depend  upon  the  individual 
vmnations  in  the  hlood  as  a  suitable  medium  for  such  a  reaction, 
upon  tke  presence  or  absence  of  an  anti-bodv  at  the  outset  capable 
of  neutnlifling  the  trace  of  auto-catalyst  bearing  the  infection,  and 
upon  the  reactive  power  of  the  tissue  cells  to  the  auto-catalyst  or 
toxin. 

The  Specific  Nature  of  Catalytic  Acnos 

It  baa  already  been  mentioned  that  eniymea  are  very  apet^c 
in  th^  action,  and  in  the  character  of  the  products  which  they 
produce  from  the  substratum. 

It  haa  b«en  well  pointed  out  by  Bredig  that  this  cannot  be 
converted  into  a  criterion  for  distinguishing  the  action  of  &n 
eorrme  from  that  of  an  inorganic  catalyst.  For  although  anch 
spedfic  action  is  seen  at  its  maximum  in  the  enzymes,  it  is  also 
observable  in  the  action  of  many  inorganic  catalysts.  Thus 
while  certain  catalvsts,  auch  as  the  bvdrc^n  ion,  are  very  general 
in  tJieir  action,  catalysing  moat  hvdrolytic  reactions,  sucli  as  clevkV- 
ag«  of  all  disacchandea.  amyloses.  and  esters,  other  catalysts  ar« 
quite  elective  in  action-  Examples  quoted  by  Bre<Ug  are  potassium 
btchromate,  whkh  energetjcally  catalyses  the  oxidation  of  hydriodic 
acid  by  bromic  acid,  but  does  not  act  upon  that  of  the  same  acid 
bv  iodic  acid  or  potassium  persulphate;  iron  and  copper  salts, 
wl&ich  intently  catalvae  the  oxidation  of  potassium  iodide  by 
potassum  persulphate,  but  not  the  oxidation  of  sulphurous  acid 
by  the  same  oxidising  agent. 

On  the  other  hand^  as  al^o  poioted  out  bv  Bredig.  emolain 
in  addition  to  hytlroly^ong  the  gluooside  amvgdaHn  with  which 
it  is  naturally  associated,  similarly  acts  upon  many  othex  fiub- 
stxactA.  such  as  Arbutin,  Helicin.  ^ahcin.  Phloriddn,  Daphnin, 
Gonifenn,  Aecsculin.  and  Laotofv, 

Therv  is  no  doubt^  however,  although  da  fundamental  difierence 
c$>D  be  deduced  therefrom,  that  the  va^  majoritv  of  the  enmnea 
are  more  highly  selective  in  their  aoiion  than  the  inorganic  enivmes, 

Thos-  as  has  been  beautifully  shown  by  the  researches  of 
E.  Ffecher,  an  emyme  may  aoi  up(>n  one  stereo-iai>nier  and  not 
upon  the  other,  the  action  being  ihrown  out  bv  the  change  in 
poirion  of  a  angle  pi>up- 

To  use  F^her's  striting  anak^.  the  ferment  and  its  sub- 
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Btratujii  must  fit  lite  key  and  lock,  or  the  reacticm  does  not 
occur. 

A  siniilar  stIecUve  action  \&  seen  in  the  tabs  uf  tliu  orgunisma 
which  induce  fermentation,  aa  waa  known  before  the  date  ol 
Fi&rher'a  rcaoarchea  %ipot\  the  cnKyrnoa,  &fi  a  reeult  o(  the  invtoti- 
gfttions  ol  Paatfiur,  who  showed  that  only  dextro-rotatory  I'aocmic 
arid  wa£  attacked,  and  was  able  to  separate  the  lE^vo-rotatory 
stereo-isnmeT  by  such  means.  Tt  is  only  those  sugara  with  sir 
Of  nine  carbon  atoma  that  are  fermentable,  and  of  tbcHp  only  certain 
of  the  atereo-iaomers  belonging  to  the  "rf"  series.  This  fact 
has  been  used  by  Fischar  for  the  purpose  of  ecparatrng  the  'T' 
Htereo-iBornera  from  the  inactive  mixture  of  '*  d  '*  and  ''  I "  sugars 
obtained  by  aynthetic  proceduros. 

That  the  h_>Tlrolytic  action  ol  eruymeH  upon  the  sugars  depenrJa 
Qpcm  the  atereo-iaomtric  form  has  been  clearly  demonatratt^d  by 
E.  Fischer,  E.  Fischer  and  E.  Frankland  Armstrong,  and  othw 
observerft,  by  the  action  upon  derivatives  of  the  fermontable  or 
hydrolysable  sugars.  Ry  combination  of  the  beioBcs  with  methylic 
alcohol,  the  methyl-hexoaes  are  obtained.  In  each  Auch  case  two 
Ateieo-iaomeric  compounds  are  obtainedn  which  Fiachftr  termed 
a  and  0  compounds.  Thus  from  glucose  and  methyl- alcohol  one 
obtains  n-mcthyl-glucosidej  and  ^-methyl-glucoeidc.  If  now  the 
effect  ol  the  yeast  enzymes  is  tested  upon  these  two  artificiol 
compoundSj  which  only  differ  in  their  atereo-rhemical  relationshipa, 
it  IS  found  that  only  the  u- modification  is  hydrolyapd,  the  /3  one 
being  quite  resiatant-  If  instead  of  the  yeast  enzymes,  however, 
the  emulain  enzymeB  be  employed,  the  0  compound  is  now  the 
one  which  ia  attacked,  similorly  to  a  largo  number  of  naturally 
occurring  glucosides. 

In  collaboration  with  E,  F.  Armatrong,  Fischer  extended  hia 
oWrvotions  to  show  that  the  same  lawa  held  in  tbe  case  of  other 
sugar  derivatives,  such  aa  the  osoncs  and  artificial  difl3c<;harideB. 

It  can  accordingly  bo  predicted,  when  the  constitution  and 
stereo -chemical  relations  of  a  body  are  known  from  its  derivation, 
whether  it  will  be  attacked  by  a  given  enjiyme  or  not. 

It  is  worthy  of  note  that  it  is  not  whether  a  sugar  ia  artificial 
or  natural  wiiich  determinca  the  attack,  but  whether  it  possessea 
a  certain  molecular  coniiguratioE  the  identity  of  which  must  extend 
even  into  atereo-chemical  exactneaen  Hence  it  followe  that  the 
specific  action  does  not  mean  that  an  enzyme  can  attack  one  sub- 
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atenco  only ;  it  nmj  attack  m&ny  Lundreda  if  only  they  all  poaaesB 
n  given  molecular  and  stereo-identical  grouping,  and  it  ia  thia 
relationship  upon  wliioh  tke  specific  action  is  based,  Mao  the 
ejctent  of  Action  dej^nda  on  tte  group  attacked.  Thua  both 
invertaae  ffom  yeaat,  and  emulatn  from  bitter  almonds,  attatk 
the  glucoaide,  amygdalin ;  but  iavertaae  uiily  detaehea  a.  molecule 
of  glacoae.  leaving  the  remoiader  untouch&d,  while  emulain,  attack- 
ing a  different  grouping,  breaks  the  amygdalin  up  into  bcnaaldehyd, 
hydrocyanic  acid,  and  glucose.  Other  natural  glucceideB.  not 
pofiseaajng  tin;  parttcnlar  grauptng  attackable  by  invertaae,  are 
reaiataat  to  that  enzyme,  and  are  attacked  oidy  by  emidsiri. 

An  interesting  fact  in  the  case  of  the  cell,  showing  pbysiologi- 
cal  adaptation  to  environment  and  nutrition^  ia  that  the  action 
depeada  upon  the  food  supply  ;  the  cells  forming  in  all  probability 
eniymea  to  suit  the  configuration  of  the  molecules  at  their  dis- 
posal. Thu8»  anpertjtllus  cultivdte*!  on  a  nutrient  medium  con- 
taining lactoae  or  jS-methyi-gakctoaid  acquires  the  property  of 
hydrolyfling  these,  while  if  grown  upon  a-niethyl-galactoaid  the 
property  ia  acquired  of  attacking  this  aubatanee. 

The  outcome  of  these  investigations  appears,  then,  to  be  that 
by  apecifie  action  must  be  understood  entire  conformity  between 
the  particular  enayme  and  a  correaponding  molecular  grouping 
or  structural  arrangement  in  the  molecule  attacked,  and  not  that 
a  single  subatanaa  only  is  attacked  by  the  aame  enaymen 

It  may  perhaps,  in  conclusion,  be  pointed  out  that  thia  may 
serve  to  explain  what  sonietimea  sepms  a  moat  fantastic  distri- 
bution of  certain  cu^ymea  in  nature.  Thus  the  stomach  of  the 
fiflh  containa  a  milk-curdling  cnEyme,  similar  to  that  of  the 
mammalia,  olthougb  such  an  enByme  never  cornea  in  contact 
with  miJk,  and  never  baa  in  the  development  of  the  fiehes.  The 
presence  of  such  an  enayme  cannot  certainly  be  regarded  as  a 
prevision  of  Nature  for  the  c-oming  mammalia,  and  points  to  the 
fact  that  the  milk-curdling  enzyme  muat  have  other  fonctiona 
than  the  coagulation  of  niilk.  Since  auch  ferments  are  also 
found  in  plants,  it  follows  that  they  must,  hkc  the  aucroclaatic 
enzyciea,  be  atlapted  to  some  definite  molecular  ^^uping  upon 
which  they  act,  and  that  milk  coagulation  can  be  but  one  esampla 
of  their  activity. 
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Tab  Chemical  and  Physical  Katube  of  Enzymes 


Little  ift  WnoWTi  reganling  tlie  chemical  nature  of  enzymes. 
becauFi^;  all  altHEiipt.^  to  ir^oliLte  tlierrk  in  a  atate  of  purity  have 
luthcrtu  failed.  In  fact,  tlien;  h  n^jtliitig  to  give  certainty  that 
at  the  end  of  any  process  tbe  product  in  the  case  of  such  (com- 
plicated flubatancea  ia  pure,  a  romark  which  apphcfi  equally  to 
ordinary  proteida.  None  of  the  criteria  of  purity  in  the  case  of 
an  ordinary  crystalloid  apply  in  the  ease  of  a  colloid  of  complex 
conatitution,  e3:cepb  coriatajicy  of  percentage  compofittion.  It  does 
not  cryatallise  out,'  it  has  no  definite  melting-point,  it  doea  not 
affect  the  freezing- point  or  boiliug-pointj^  it  cannot  be  syntheBiged 
by  reactions  which  can  be  followed  in  their  course,  and  it  is 
probably  polymerised  to  a  high  dep"ee.  Hence  it  wodd  be  more 
ccrrect  to  say  that  we  do  not  know  whether  proteida  and  enzymus 
have  ever  been  prepared  in  a  state  of  purity,  ratheri  than  ia 
UHually  done,  that  tbey  never  have  been  so  prepared. 

One  of  the  great  difficulties  in  freeing  enzymes  frcrm  other 
aubstaneea,  auch  as  proteida,  is  that  they  share  the  common 
property  of  colloids,  of  being  easily  thro*n  raeclianically  out  of 
solution,  by  elet:trolytPH  or  organic  preuipitanta  of  proteids. 

The  mebhods  of  attempted  separation  have  difTered  in  the  case 
of  ditfercnt  enzymes  and  cannot  all  be  gone  into  in  detail  here. 

One  general  method  is  that  of  allowing  the  ferment  to  digest 
ont  any  Fiiibstratiim  present  naturally  with  it  as  mnch  aa  possible 
where  it  can  be  made  to  do  thh,  as  in  the  cajte  of  the  proteo- 
clastic  enzymes,  and  then  to  precipitate  it  by  means  of  some  in- 
different  precipitate  such  as  calcium  phosphate  in  the  case  of 
pepsin,  or  by  the  addition  of  collodion  or  eholeaterin  dissolved 
in  &  mixture  of  alcohol  and  ether.  Another  method  when  the 
ferment  doea  not  rapidly  undergo  alcohol  coagulation  is  to  remove 
the  accompanying  proteid  by  allowing  the  nrntuie  to  stand  for 
some  weeks  under  alcohol,  and  then  dissolve  the  ferment  by  means 
of  water,  as  in  the  case  of  librin  ferment  (thrombase).  Another 
method  is  to  allow  the  strong  solution  to  remain  standing  at  the 
Freezing-point  for  some  days,  when  the  enzyme  falls  out  m  granular 

'  UaleM  wbeD   in  comLioaitioD  with  other  bodiei  which  coofer  oryBt&lloid 
prvpcrticJU 

"  At  lout  to  SDch  BD  eitcDt  thai  msafiaFemQala  can  be  made> 
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form«  aa  in  the  case  of  ^brin  ffirmoiit  precursor  (pro-tluombaae) 
in  oocalatcd  plasma,  or  of  pepsin  from  pu^^e  gastrio  juice. 

The  inve«t.iga.tinna  hai'e  sliown  tliat  en7yniea  Jire  not  in  all 
caaea  proteids.  Tbus  the  purer  preparations  of  pepsin  and  in- 
vcrtose  do  not  give  the  proteJd  colour  teata.'  In  elemcntory 
CompoaitioD  the  enzymes  do,  however,  resembie  the  proteida  more 
th&n  any  other  class  of  bodit!^.  In  addition  to  being  salted  out, 
or  precipitated  out  like  colloids,  the  enKTmea  are  further  shown 
to  he  coUoidrt  by  the  fact  that  they  do  not  diffuse  through  parch- 
ment paper,  or  dilTuae  witb  great  slowneaa- 


The  so-called  Inorgajjio  Enzymes  or  Metal-Sols 

It  haa  already  been  repeatedly  stated  that  the  enzyraea  are 
a  particular  claas  of  the  bodies  loiown  as  catalysts,  which  modify 
the  conditiona  of  a  reaction.  The  cnaymea  difier  Ircm  moat  of 
the  inorganie  catalyeta,  however,  in  that  they  are  colloids,  and 
to  this  certain  of  the  (JifferenceB  in  action  bfttwGcn  inorganic 
catalysts  and  enzymes  are  due. 

The  method  of  Bredig  for  obtaining,  in  the  coae  of  certain 
mctald,  catolyata  of  inorganic  nature  in  colloidal  solution  as 
metal-sols  u  hence  of  high  iuterest.  These  metal-aols  have  been 
termed  inorganic  enzymes  by  Rretlig  frnin  their  close  resemblance 
in  many  respects  to  the  enzymes  producetJ  by  living  cells ;  but  it 
ia  questionable  whether  the  use  of  such  a  term  is  justifiable,  since 
the  properties  of  such  colloidal  solutions  are  only  ciaggeratioaa, 
probably  on  account  of  increc^cd  surface,  of  the  action  of  the 
fiaely  divided  metals  when  not  in  solutioiif  and  most  of  the  reac 
tions  destroying  or  removing  the  properties  of  such  solutions  may 
be  ascribed  to  the  throwing  of  the  metal  out  of  solution  or  to 
alteration  of  the  active  surface. 

We  have  no  proof  that  the  similar  actions  in  the  case  of  the 
enzymes  are  due  to  ^milar  causes.  Also,  we  have  no  case  where 
these  colloids  act  upon  another  colloid  as  in  the  case  of  enzymes, 
nor  of  any  hydrolytic  ai^tion  upon  oi^anic  bodies  caused  by  their 

'  Id  f>tbcr  caaos  it  appears  armml  ocrtain  LhD.(  ciltier  Ebe  enzytnci  \s  4  cciti' 
pound  protoid  or  oloicly  attoc tied  io  cno,  for  OKajnplp,  Lry[.''?iD  and  thrcunluLse. 
Aisa  tho  prjoipitatd  froia  gastric  juiao  in  ihu  uold  appi^ar^  to  ho  a  oompoasid 
proteld  according  to  recent  obfien'iitioiit  of  thi:  Pawiow  jcI^ddI* 
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agency  as  in  th(>  ca^e  of  enzymes.    In  fact,  tUeir  actiriti  is  cfiti' 
fiiie4   to   simple    reftctiona    upon   inorganic    bi>die8>    auch    fta    the 
t'atalyaia    of    lmIrogen-|jeroxi(k    inUi    water    and    oxygen,    or    of 
hydrogen  and  osygen  to  form  water.    Such  reactiona  arc  ahown 
by  the    metals   ooncemed   in    finaly  diviclod    form   apart    from 
solution,  aJid  the  increased  activity  is  merely  due  to  finer  diviftlon, 
and  18  removi^  by  anytliing  wliich  intHrfema  with  the  action  of 
the  large  surface.    Accordingly,  it  appears  bo  the  writer  that  the 
tenn  ^^  inorganic  enzyme  '*  is  not  a  very  appropriate  name  for  a 
colloidal  solution  oE  platinum,  since  it  indicates  that  wc  posaeaa 
more  knowledge  of  the  mode  of  action  of  enzymea  than  we  really 
do,^     The  same  applies  to  tlie  term   "poisoning"   as  applied  to 
the  action   of  hydrocyanic  acid  and   sulphuretted    hydrogen   in 
i^loppiog  the  action  of  auch  mctal-soU  when  added  in  minute 
traces,  for  thia  term  la  one  which  has  hitherto  heun  applied  to 
the  destruction  of  life  by  reagents,  and  until  we  know  that  the 
stopping  of  the  action  of  colloidal  platinum  by  hydrotiyanic  acid 
iiriaes  from  the  same  causes  as  the  poisoning  of  a  living  cell  by 
that  reagent,  it  i^  dangerous  to  apply  the  same  term  to  both  pro- 
cesses.    By  a  strange  pro  e;s  of  reasoning  this  same  "poisoning*' 
of  the  colloidal  platinum  by  hydrocyanic  acid  has  been  put  forward 
as   sup^nrting   the  view   that  the   platin^aol   U   an    **  inorganic 
enzyme/'    Now»  if  the  process  of  "  poisoning  *'  proves  anything 
at  all,  it  proves  that  the  colloidal  platinum  is  a  Living  cell,  tor  it 
IB  li%dng  cells  and  not  enzymes  that  are  destroyed  by  the  action 
of  hydroRysTue  anid,   by  which  in   such   mimite  concentrations 
moat-  enzymes   are   entirely   miaffected.     The   only   aiMiion  related 
to  enzymes  which  is  stopped  in  the  same  degree  by  hydrocyanic 
Qcid  is  the  identical  one  to  that  stopped  in  the  case  of  colloidal 
platinum,  namely,  the  action  upon  hydrogen -peroxide  h  which  is 
found  not  only  in  practically  every  enzyme  but  in  nearly  all  tissue 
extracts.     Thia    action    la    ascribed    usually    to    enzym'a    called 
"ojcydaae*"   or  "peroxidases."  occurring  generally  in  bL   tlBBuea 
where  oxidative  processes  occur ;  but  our  knowledge  of  the  subject 
is  scarcely  sufficient  to  state  whether  it  is  to  be  ascribed  to  any 

'  Tho  fllig^rcelion  of  Oppenbeimer  [Die  frrmtn/e,  p^  \G).  that  i^  would  be 
better  Lo  <^l  tbc  onijoes  "cr^aDic  DotalyBl^,"  b  much  livttcr  If  tiaj  change 
iau»t  htr  la&d?.  For  U  is  much  hL-tier  Ld  retaju  ibe  imme  oiUljaL  ms  a  general 
cla*8  nanie,  inclndiiig  bdth  inorgonic  and  organic,  and  t,hD  Enynies  row  form 
■  vcU.deOned  group  at  orgUDla  aLLaJjats  for  whicb  Cho  Qarae   oughi;  to  be 
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p&rticular  enaynie  or  group  of  enaymes>  or  is  a  general  property 
fi.ttaoliing  to  aU  enzymes.  The  action,  as  has  been  fitaUd^  is  stopped 
by  a  trace  of  hydrocyanic  acid  without  interfering  with  the  apeeific 
action  of  the  enzyme  acconipanying  the  **  peroxidase,''  it  ia  also 
stopped  by  the  action  of  heat  aimilarly  to  that  of  an  enayme, 
but  it  Laa  nob  dearly  been  ahown  that  the  eubatanee  caueing  the 
oxidation  i^  not  altered  in  the  process,  nor  that  there  U  no  etochio- 
Euetric  relationship  between  the  quantity  of  *' peroxydaae  "  and 
the  amount  of  hydrogen -peroxide  changed.  In  fact,  it  appears  that 
the  "pcTOsydascs  *'  are  very  aenaitive,  and  that  after  conversion 
of  a  certain  amount  of  peroxide  the  action  ceaees. 

Whcthor  ihc  '' peroxidoaea  "  bo  apecitlc  cnzymoe  or  notj  the 
action  of  hydrocyanic  acid  ia  stopping  or  '^  poisoning."  both  in 
their  case  and  that  of  ixilloidal  platinum,  is  coiifmed  to  cue  re- 
action, that  of  the  conversion  of  hydrogen-peroxide  mUt  wattr 
and  oxygen,  and  it  Lppeara  to  the  writer  that  this  ia  a  narrow 
basis  on  which  to  lay  any  weight  as  a  proof  of  identity  in  mode 
of  action  between  enzymes  atid  cokloldal  platinum.  It  haa  not 
even  been  proved,  for  example,  that  hydrocyanic  acid  does  not  aet 
directly  as  a  negative  catalj"st  to  the  reaction  concerned. 

While  it  cannot  be  admitted,  therefore,  that  the  terms  *'  in- 
organic cnKyme"  and  ''poisoning"  can  be  legitimately  employed 
in  connection  with  these  metallic  catfilysts^  the  effects  obtaine<i 
with  them  are  of  high  interest  in  regard  to  the  manner  in  which 
a  cjilloid  in  solution  can  act  aa  a  catalyst. 

It  was  already  known  to  Faraday  that  all  porous  bodies,  and 
especially  certain  metals,  such  a»  platinum,  poaaessed  the  pro- 
perty of  abaorbing  largo  amounts  of  gases.  The  velocity  with 
which  the  gases  arc  absorbed  increases  with  the  state  of  fiub- 
diviaion  of  the  metal,  and  is  best  seen  in  the  case  of  platinum 
when  this  Is  used  in  tlie  finely  dividetJ  form  of  platinum  black. 
Faraday  pointed  out  also  that  this  snb-divisioa  favoured  the 
action  of  the  platinum  black  aa  a  catalyst  by  increasing  the  local 
concentration  of  the  substances  to  be  catalysed,  and  even  showed 
that  the  action  of  catalysis  by  platinum  black  of  an  eiploaive 
mixture  of  hydrogen  and  oxygen  was  stopped  by  the  presence 
of  traces  of  carbon  hisaiplude  or  sulphuretted  hydrogen.  It  is 
wonderful  how  closely  this  view  of  Faraday  comes  to  the  modem 
view  with  regard  to  the  mode  of  aetioD  of  a  colloidal  catalyst 
or  enzyme. 
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The  cAtftlytic  action  of  finely  divided  metals  was  taken  up 
by  Bredig  and  Miiller  von  Bemeck.  and  tested  in  the  caeo  ol 
platinum  and  hydrogen- peroxide.  For  ttiis  piirpoae,  finding 
latinum  black  difficult  to  suLdivido  and  auapend  in  solution, 
iy  evolved  the  ingenious  metliod  of  obtaining  the  platinum  in 
loldal  Holutiou-  Colloidal  solutions  of  nu^taU  had  already  been 
prepared  by  Carey  Lea  by  chemical  means,  sucli  aa  colloidal  ailver 
reduction  of  ailver  nitrate  by  ferrous  sulphate  ;  but  Brcdig  dis- 
[eovcred  the  much  simpler  nvethod  of  detaching  thcj  inctal  from  the 
[fltive  electrode  by  means  of  a  high  potential  in  distilled  water. 
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The  process  consists  in  eetttbli,'ihing  au  electiic  arc  between  atout 

eitiUli^i   elactrodes  ot   the  tnetjil  of  wliieh  it  is  desired  to  make  n 

colloiiiu]  sulutiou,  in  us  pure  as  j>o»sIble  iliatllled  irater,  which  must 

be  mninlJiicfld  nt  jl  low  temperftture-     The  comluetivilj  of  the  wjiter 

UJjb  be  low,  rr  nibfrwise  t'laeltul^tic   conductivity  comes   in   aud 

troys  the  proceas,  anJ,  Further,  tbe  presence  of  electrolytes  tends 

precipitate  the  coHoi^aI  metftl. 

The   proceed   can   be   be&t   canJed   out  by   utilising   the  electric 

lighting    maitiG  (the    nsual    110  vult,   eotistant  current,    circuit),    aad 

placing  in  tbe  circuit  ku  JinimtfU-r,  a  flat  oiystjdling  diah  contaiuing 

buut   too  cc.   of  pure  distilled  water  which   hag   proviouoly   been 

Ued  to  expel  diHiHilvcil  cur l>au -dioxide,  and  a  variahle  fluid  resist- 

noe  which  is  regulated  to  give  a  cuirent  of  4  or  B  ompi'res  after 

the  electric  arc  haa  been  eatitblished  under  the  distiilleil  wat4?r.     The 

electfodea  conei^t  of  Atcut   platinum^  geld,  or  ailrer  wire  fii^iu  1   to  2 

QiillimetrBB  in  diameter,  nnd  ctLn  either  be  passed  through  tvo  glass 

bee  M>  as  to  be  easily  bandied,  or  Bsaltnl  into  two  glaw  tubes  which 

e  ^led  with  mercury  by  tueaiiB  of  which  electric  contaol  is  made 

with  the  platitintn- 

Iri  uJiiog  the  ayipuratun  a  short  circuit  is  made  between  the  two 
eclnfodes  under  the  distilled  water,  and  then  fleparnted,  when  an 
trie  arc  ia  eatahli^ed,  and  glows  beneath  the  water;  luiuate 
i-ttclea  of  metal  are  no*  detached  from  the  negative  pole,  some 
vt  which  pass  to  the  potitivti  pule^  but  others  remain  in  the  distilled 
water  liod  form  on  exceedingly  fine  suupenBion  or  colloit^l  polution 
of  the  tneljd.^ 

The  electric  urc  frequeutly  brc^Lk:^  Aovea  on  account  of  variations 
r«dfltAnce,  when  it  most  be  established  its  before. 


'  That  the  ineLal  couifis  Irota  Lh^  kathuda  VrJu  sUuwn  by  BredJg  hv  weij^hlug 
elocLnjdcff  before  aud  after  utv.  whea  4  lotu  vrjut  found  in  Lhe  kachodi?.  AQd 
.  ifain  of  leu  amount  in  tbe  nnodc. 
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TIls  oolloidnl  suepeDsion  bogius  at  once,  Jtnil  in  n  f^w  miniiteB  % 
fluiil  of  a.  di'cp  dajk  coloTir  ia  obtalnijtl,  which  in  the  cuse  of  platinum 
raijemblefl  ths  twloiir  of  nflldced  osmic  acii  solutions,  AccomptinjTiig 
the  colloidiil  piLiticlss  there  U  always  a  ceitiiin  nuioutit  of  met<ivl  in 
coarBPi'  riuapension,  which  may  b^  remcvod  by  nllowing  to  atami, 
Glterin^f  or  centiifu^LMug.  Thij  liLi-k-colaurRtl  HoluLiun  remniniiig 
it  pcrfoirtlj  cli^n^r,  it  laay  deposit  ti  little  more  pluHnnm  in  thi^ 
firbb  Jbj'  or  twu^  hiiti  the  rent  ri^mumH  in  solutinn  far  mDntJis^  atnl 
appitrBntly  iH"Uiinitdj. 

In  the  case  of  golil  the  colloiJal  nolntinn  Ims  a  deep  clurk-red 
colour,  while  the  ailTcr-sol  vftriea  in  calour  from  dark  reddish  brown 
to  olive  green,  aceoj-diug  to  tho  dilution  itnd  fineness  of  the  sub- 
dirision- 

All  the  muUbl-Bols  ELie  evUonioly  sonsitivo  to  tho  presence  of 
eleiitjulyti^ri ;  tbev  cunnot  ho  preptireO  in  unniiAl  aaliiie,  and  even 
addilian  of  normul  Aaliue  to  bhi<m  when  prepared  precipibateii  them 
entirely  from  Bolutinn. 

This  somowhrtt  militntefi  -tgaitist  their  emplojment  for  iatr*- 
venouB  injeiTticin  as  genmciilei^  in  ^eptici^miii,  u.i  hus  be^n  reoom- 
luended  iii  the  cose  of  silver-aul|  for  exitinple,  in  Rtrptiic  endocj^tditia ; 
for  it  13  probable  tbiit  the  so!  will  bo  precipitated  by  the  saline  of 
tLi^  plasma,  and  so  tt^  elFeclivenefis  diminished  or  def^troyed. 

The  writer  has  fouitd  that  ^latin  «ol  in  die^iiiLed  water  can  be 
icjcoteLl  in  aniin^iU  without  xny  nntowani  r^a;ili8  nnd  apparently 
without  affectixig  the  Animal  in  any  way.  It  was  found  that  the 
»4diliori  of  07  per  oent  saline  to  the  platin-flol  in  distilled  wnter 
bad  the  effect  even  ut  this  dilution  of  completely  precipitating  it. 
An  attempt  to  prepare  the  plaUu  sol  in  isotonic  glyceriue  solution 
ira«  miftnooeft^ful ;  more  siicce^  attended  the  uddition  of  ghxerine 
to  make  an  ieotoQio  solution  niter  first  prepni-inj;  in  distilled  water, 
for  soma  of  the  platinum  remaincfl  in  eolloiiliil  solution,  but  even 
here  there  was  conHdemble  initial  precipitation.  It  must  be  Temem- 
ber^yl,  however,  thiit  on©  colloid  has  often  a  |i;rout  effect  in  preiprving 
another  against  piei:ipiu»tiou  by  electrtil^te^^  and  hence  it  is  possible 
that  on  intravenous  inj^ctioi)  of  the  platin-sol  in  di».ti1lod  water,  the 
proteids  of  the  plasma  may  assist  lu  ret^kining  the  platinum  in 
oolloidal  dilution  against  the  precipitating  action  of  the  plasma  ^'lUne. 
Thus  Jjohry  de  Brovn  has  nhown  that  when  two  i*alts  which 
form  A  colloidal  piecipitaten  ^uch  as  potua^iuin  chromate  aitd  silver 
aitnitp,  ^c./  a^e  mixed  in  a  \vitrm  LU  per  cent,  gelatine  t^^iitfon,  the 


^  A  nmilar  Aoiioa  cncuTs  in  prviAnaE  ^  dlter  Kektiacr  mass,  at  lor  nlvei 
ACaliiLag  ef  mamnmliaa  lung  eitllhelLum,  and  la  conneotcd  wilb  the  snccdu  of 
vnob  an  operation. 
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mixture  rerooiua  quite  transparent,  which  is  due  to  the  ccdloid 
gelatine  preserving  t}^e  amorphous  pracipitAte  in  colloidal  solution. 
No  such  effect  is  obtained  with  cryj^tallitia  precipitates. 

The  catalytic  reactions  of  metal-sols  which  have  been  studied 
are  the  conversion  of  hydrogen-peroxide  into  water  and  oxygeo, 
and  of  hydrogen  and  oxygen  to  water-  These  have  been  most 
studied  in  the  case  of  the  platin-sol  by  Bredig  and  his  pupils. 

The  action  of  platin-sol  upon  peroxide  was  found  to  follow 
approxtmately  the  logarithmic  law  for  a  mono- molecular  reaction, 
but  in  the  case  of  hydrogen  and  oxygen  Emat  found  that  the 
velocity  was  proportional  to  the  absolute  amount  of  platinum 
present,  and  in  the  peroxide  expenments  it  waa  found  that  the 
activity  did  not  vary  in  simple  direct  proportionality  to  the  con- 
centration in  platinum,  but  was  expressed  by  the  empirical  law, 

V  =(^)  ^^^  which  ki  and  k^  are  the  velocity  constants  corre- 
sponding to  concentrations  in  platinum  of  0^  and  C,,  and  h,  instead 
of  being  unity,  is  a  constant,  the  value  of  which  lies  between  1'6 
and  I'3.  Hence  we  see  that  there  are  abnonnalities  in  the  action 
of  these  inorganic  catalyatSt  similar  to  those  already  described 
in  the  case  of  the  enzymes.  The  abnormalities  are  explained  upon 
the  haaiH  of  intermediate  compounds  between  catalyst  and  sab- 
stratum,  or  products  of  reaction. 

Even  equal  platinum  concentrations  do  not  always  lead  to  the 
same  velocity  of  reaction,  this  depending  upon  variations,  in  fine- 
ness  of  subdivision  of  the  platinum,  and  upon  the  previous  history 
of  the  solution,  such  as  its  age,  the  temperature  at  which  it  has 
been  preserved,  See. ;  to  this  variation  van  Bemmellen  has  in  ana- 
logy with  similar  phenomena  in  magnetisation  applied  the  term 
"  hysteresis." 

The  dilutions  in  which  these  colloidal  platinum  solutions  exert 
their  catalytic  effects  are  enormous.  Thus  a  solution  containing 
only  0-OCX),OI  gnn.,  that  is  i  ort  niiiligram,  per  c.c,  acting  upon  a 
solution  of  hydrogen  peroxide  containing  006  grm.  per  c.c,  con- 
verted more  than  the  half  in  forty  minutes.  The  action  of  ^  ,>i,>f| 
to  :{c>r>'64>o  n^lligram  of  colloidal  platinum  upon  more  than  a 
million  times  its  weight  of  hydrogen  peroxide  could  still  be 
detected. 

£mst   also   found   that   y*^    milligram  of  colloidal   platinum 
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catab'sed  50^000  times  its  own  weight  of  hydrogen  and  ojcyg^n 
to  water  at  ordinary  temperature  without  losing  its  activity  In 
the  \east. 

The  retarding  action  (or  so-called  ''  poisoning "  action)  of 
c«rtaiii  lubstapcea  upon  the  catalytic  action  of  these  inorganic 
colloidal  catalyatfi  is  aUo  rcmarlcabli>  upon  account  of  the  minute 
quantities  rEt^uired  to  atop  the  reaction. 

For  example,  the  addition  of  0-000,000,014  grra.  per  c.c.  of 
hydrocyanic  acid,  to  the  above-mentioned  experiment,  in  which 
(KIOO,01  grm.  per  c.c,  of  platinum  waa  acting  upon  OCMi  grm. 
per  c.c,  of  peroxide,  served  to  decrease  the  rate  o£  change  by  ono- 
half,  and  the  addition  of  0-000,000,001  grm,  per  c.c.  of  hydro- 
cyanic acid  in  another  expentt^ent  had  an  equal  effect  upon  the 
velocity  of  conversion  by  a  colloidal  platinam  solution  in  con" 
ccntration  of  0-000.006  grm,  per  Utre,  It  is  to  be  noted  that 
the  hydrocyanic  acid  produces  its  marked  effect  in  amounts  of 
^io  ^  jhii  ^^  ^^^  ^'  ^^^  platinum  in  the^  experiment^  so  that 
there  cannot  be  an  ordinary  chemical  compound  between  the 
catalyst  and  the  "  paralyaator "  It  rauat  be  remembered,  how- 
ever, that  even  at  thcac  dilutions  the  platinum  is  present  not  in 
molecular  form  but  in  suspended  particlos,  and  that  to  stop  the 
reaction  it  ia  only  necessary  for  the  hydrocyanic  acid  to  combine 
with  the  surface  layer  of  eai^h  plfttinum  particle,  which  may  explain 
the  small  amount  neccsaary.  3uch  combination  might  be  either 
of  a  chemical  or  physical  nature,  but  the  latter  is  the  more 
probable. 

Before  leaWng  the  subject  of  the  action  of  hydrocyanic  acid 
it  may  be  recalled  that  it  possenaes  a  KimJlar  action  in  minute 
traces,  as  shown  by  Schonbein  in  the  case  of  the  peroxidnaes  accom- 
panying ferments.  Now  if  these  peroxidaaCB  arc  rcaponaible  in 
the  tissue  cells  for  the  uptake  of  oxygen  by  the  protoplasm,  it 
may  well  be  that  the  poisonous  action  of  hydrocyanic  acid  in 
such  minute  doses  is  due  to  interference  with  the  action  of  the 
peioxidases. 

A  umdar  effect  is  probably  found  in  what  has  been  termed 
the  ''  oiigo-dynamie  "  property  of  heavy  metals,  as  a  result  of 
which  a  trace  of  certain  metaU  in  distilled  water,  too  minute 
for  all  chemical  analysis,  leads  to  the  death  of  living  organisms, 
Thua  mere  immersion  of  a  atrip  of  clean  copper  in  a  vesael  of  dia- 
led water  containing  a  number  of  tadpoles,  which  would  other- 
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Kre  therein  for  weeks,  ia  sufficient  to  kiS  the  ftnimals  in  a 
fewhovEB^ 

A  U^  number  of  other  rabstance}  were  also  quantitatively 
tested  bj  Bredig  and  his  co-worken  u  to  th^  action  upon  the 
catalytic  power  of  colloidal  platinum.  Thus  so  httle  as  one  part 
of  snlphuretted  hjdn^en  in  300,000,000  parts  showed  clearly  a 
letarding  effect  npon  the  catalyma.  The  colloidal  platinom  ia 
capable  of  recovery  from  the  action  of  some  of  the  reagenta  em- 
jJoyed  and  not  from  others.  Thus  if  a  stream  of  air  be  pawed 
fof  some  time  through  a  solution  of  colloidal  platinum  which  haa 
been  rendered  inert  by  addition  of  a  trace  of  hydrocyanic  acid, 
BO  as  to  remove  the  latter,  the  activity  ia  agun  reetored. 

Bredig  atatea  that  recovery  can  take  place  from  hydiocyanic 
acid,  carbon  monoxide,  phoephorus,  hydxoxylamin,  but  not  from 
cyan-iodide,  iodine,  sublimate,  or  aiseniuietted  hydn^en. 
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CHAPTER   V 

THEORIES  AS  TO  MODE  OF  ACTION  OF  CATALYSTS  AXD 
ESZVMES— CORRELATION  OF  THEORIES— MRANS  OTHER 
THAN  CATALYSIS  BY  WHICH  CHEMICAL  REACTIONS  CAN 
BE  INDUCED,  OR  REACTION  VELOCITY  VARIED 

I-  The  Theortfof  Molecular  V ibra^ ions ^—Theonea  having  a  bear- 
in*^  upon  catalytic  action  firat  begau  to  be  formulated  for  the 
purpose  of  giving  eome  explanation  of  the  processes  of  fermentation 
wLitb  at  the  time  occupied  the  attenLion  of  the  chemist  mor^  than 
oE  the  hiologiat.  The  brilliant  work  cf  Paateiir  had  net  as  yet 
jlimninaled  the  action  of  micro -organiama  in  thfsc  processes,  when 
Liebig^  seaTchinp  [or  some  eKplanation  of  the  action  of  yeast  upon 
gluco3e,  evolved  ihfi  theor}'  that  such  action  arose  becaufle  the 
yt^aat  waH  itaelf  involved  In  a  prociaa  of  chemical  activity  or  decay 
and  prDvoked  as  a  refiult  chemical  activity  in  the;  sugar.  In 
support  of  hia  theory  Liebig  adduced  many  examples  from 
inorii^anic  chemistry  of  where  the  chemical  aclivity  of  one  body 
inlluencea  that  of  another,  and  of  case*  wh&re  even  mochflnical 
1  vibration  caus&s  changes,  aa  in  explosive  bodies,  avieb  as  the  iodide 

I  or  chloride  of  nitrogen, 

I  It  ia  not  to  be  wondered  at  that  Liebig  in  those  early  days 

I  looked  upon  those  activities  which  are  now  known  to  be  due  to 

I  mjcro-organisms  as  due  to  chemical  nction  entirely. 

K  Many  of  the  exiwrimenta  carried  out  by  Liebig  and  others  of 

^^U  bis  school  of  thought,  to  attempt  to  exclude  the  ^HjH^ibilitv  of 
^H  micro-organisms  being  present,  were  well  and  scientifically  thought 
^H  out,  and  if  they  led  the  distinguished  chemist  into  error,  it  was 
^H  only  because  of  failure  to  realise  at  that  early  date  the  difficulty 
^H  not  only  of  inaintBining  but  of  preserving  complete  sterility,  M'hen 
^^^  one  reada  the  experiments  by  whit^h  it  waB  sought  to  prove  that 

V  it  was  the  access  of  air  ftiid  not  the  presence  of  micro-organisms 
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?Te   made  with  great  ingenuity,  anrl   to   nckiniwledge   tbat   the 
rOK  to   wliicli   Uiyy  led  were  due  to  the  tftage  oi  iidvaiicemenb 
'of  scientific  lcno\T](-dge  at  the  time,  and  tiot  to  want  of  c&re  on 
the  part  of  tbo  experimenter. 

The  indiaputflbJe  proof  by  Faateur  and  other*  that  fermenta- 
tion is  due  to  tho  life  prckcei^ses  of  mit^ro-orgum^ms  and  the  strong 
poaitiua  which   Liebig   took  in    combating  this  led  to  his  theory 
that  catalytic  activity  WQa  due  to  the  activity  of  one  body  being 
tranafprred  to  another,  and  flo  to  the  catalyaiB  of  the  latter,  fell 
into  disrepute,  until  it  was  revived  by  Ni^geli  in  the  form  of  the 
theory  that  the  decomposition  by  a  ferment  is  due  to  a  transference 
:of  ^*  molecular  vibration''   from  the   ferment  to   the  BiibBtratum. 
^he  molecules  of  the  substance  undergoing  the  fermentation  were 
Buppoapd  to  be  already  in  a  condition  of  vibration,  which  became 
increased    by  the   sympathetic   swingings    or   vibrationa  in   the 
Ferment  to  such  an   extent  that   the  \ibraiiona  passed  the  point 
)f  equilibrium,    and    the    Hubstaoce    accordingly    underwent    de- 
impoaitioiL     This  revix'at  of  a  part  of  Liebig^a  view  by  Nilgeli 
[was  only  applied  by  him  to  the  organised  fermonte.  and  lie  stated 
[that  it   was  the  living  protoplasm  which  aeted  directly  in   in- 
sreaaing  the  molecular   vibrations.     He  mRintained  the  view  that 
the  living  cd!  and  the    enKyme  wpfr  different  both  in  mode  of 

IoctioD    and  id  tiieir   physiological   role,   the   emsymea  preparing 
tbc    lood-stufEi    for    ue:^     in    pby^ological    aetivityf    and    the 
organised  Eerment  or  living  oell  making  use  of  the  material  so 
pre  pared - 
I       It  is  now  clear  that  Liebig  was  wrong  In  regarding  the  yeast 
es  being  in  a  process  of  decay  and  giving  rise  to  accompanying 
^^  chemical  changes  in  the  anbatratum  which  lay  apart  entirely  from 
^■Any  life  proeeases. 
^^        Rut  if  we  strip  Liebig's  statementa  free  from  thfa  error  there 

is  much  in  ihem  which  even  to-day  demands  attention. 
^H  We  shall  see  later  that  no  single  theory  which  has  ever  been 
^^pnt  forward  is  capable  of  accounting  for  all  cases  or  claBaefi  of 
catalytic  action,  and  it  ia  quite  probable  that  catalysis  ie  due  in 
one  case  to  one  cause  or  factor,  and  in  another  case  to  quite  a 
different  one,  so  that  diflerent  theories  may  Ijy  no  means  be 
incompatible. 

It  seems  to  the  writer  that,  for  those  caeca  of  almost  instan- 
tanoouB  reaction  due  to  niechanioal  vibration  or  friction,  or  to 
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witk  aootber  c^eokftl  sobBtuice.  Lwbi^'a  view  of  the 
to  MCCion,  or,  u  we  would  term  il,  ot  tlw  rasuCftOM 
by  mn  oifaaocuig  of  moUcol&r  vibfUJoo,  fitt  tka 
beta  better  tbaiL  any  other  theory. 

A  voBom  aocQiant  of  the  view  cut  pcilups  beat  be  pat  in 

*  It  IS  well  knovQ  thftt  there  are  chemi<aJ  compooiulfl  ol  aD 
a  BStiiR  that  diat^ea  in  teo^ieratiire  aui  eleetrieal  oondi- 
«v  even  nnple  mevhuucal  fnctko,  or  eootaet  with  bodiM 
afifHceBtfy  totally  mdiflerenV  came  soch  a  diaturbaoos  id  ths 
attrnetioB  oi  their  eonothiKnta,  that  the  ktter  enter  into  new 
fotmm,  vithoat  any  of  them  oombliiif^  with  th«  acting  body. 
fi^|Miqw^  ^>P^*^  ^  stand  but  jost  within  the  lomts  of 
eanhmatKn,  and  agents  exere»»  a  powvfful  inflnmcre 
ttft  them  wUcIl  ar?  completely  deroul  ol  action  on  tompoiinds 
ol  a  fltroDCBr  afiufcy.  Thoa,  by  a  alicfat  incieaBe  ol  temperatne 
the  elcmente  ol  hypodilor^Ktf  acid  Mf>atat«  from  one  — nihor 
with  efTofatiop  of  heat  and  H^t ;  chlodde  of  nitrog«i  cvphidea 
hf  cemtaet  with  many  bodk*  which  nvnhinB  neither  with  ehloriBe 
at  covmoa  tc^MrataRa ;  and  the  oontaci  ol  any 
tt  nffioent  to  caaae  the  ej^looioo  of  iodide  oi 
of  fofaMiwtmg  olver. 
"^  It  >i  evident  tbit  the  active  vtate  oE  the  atooM  of  one  body 
has  an  wiffwwiftf  apan  ^e  atoms  of  a  body  in  oootact  with  tt ; 
mmd  if  Aeae  ilnnii  are  capaUs  of  the  same  rhingn  as  the  f mner. 
IhcT  OewiK  mde^  Aat  change;  and  oomhnatiolu  and  dt- 
oomyoMtiofl  are  the  ou—qoflnee  But  when  the  atoms  of  the 
body  are  not  of  thaoMtrea  capaUe  of  soch  an  aedm,  any 
dii|w'tiiM>  to  dun^  oi«e»  hom  thr  tDocnent  at  whkh 
the  aloma  ol  the  firat  body  ammne  the  fUt«  ot  rat,  that  is,  when 
the  [hangrr  or  teantrfofmatome  of  th»  body  are  qtdte  completed," 
b  is  worthy  of  note,  in  view  of  oMden  opinion  upon  the  aol^ectt 
that  UM^  waa  wdl  aware  ol  the  fact  (aikd  actuUy  depwe^toa 
the  nae  of  the  tcm  ff<eljfw  fiwre  Uw  Aia  very  rcMm),  that  a 
ratalytic  a^iBl  need  not  nrtgwirilr  Atart  a  reaction,  hafc  only  in- 
cn«ae  tkt  tipidi^  of  <bc  akeady  in  progreaa :  imtanriat  as  an 
exampfe  t^  catalyaa  of  hyJiogeii  pceoxide  by  piatinnm  or  ahrer. 
There  is  no  other  thtuij  «4id  appears  to  the  writer  to  cover 
of  detnnntiBg  — ilislBarfe  in  whicA  the  mec^aiucnl  par^ 
aa  ■  tnliijal  in  ■"^^"e 
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action  can  in  manj  inatftnces  be  induced  by  r.ontnot  with  a 
chemical  Gubatance,  and  by  analogy  it  ia  prohablc  that  in  a 
certain  number  of  cjiscb  tUo  oxplanation  of  tiatolyai»  mny  Ti*  in 
molecular  kinetics. 

I  In  any  case  th«  theory  dtxia  not  doaerve  diAinLrtHal  in  thfl 
'cavalipr  EashJou  in  wliicli  it  ia  often  treated  by  modern  pliy»ical 
cbemiats. 

I  Other  inatancea  of  mechoTUcal  movem&nt  effafiting  <:h*>niinal 
■or  phyaical  change  are  the  e3ect»  of  motion  in  oau^in^  i^ryslfll- 
liaation  From  snper9aturfi,ted  aolutioriH.  While  thifi  action  ia  nub 
marked  in  eome  cases,  it  ia  conspicuous  in  othen^,  ai  in  thv  two 
cues  quoted  by  Liebig,  of  acid  potassium  tartrate  on  ahftkinf; 
ixed  Bolutiona  of  a  potaaaium  ealb  and  tartaric  aoidi  or  on  tttirnng 
with  a  glass  rod  tha  didea  of  a  b^ak^r  containing  amnionio' 
magncaitim  phoRphatf*,  when  thi;  oryf^tali  s^parat^  out  on  tlte 
parta  rubbed  by  the  rod.  Similar  ef!pctji  are  seen  in  the  crystab 
liaation  out  from  amorpbous  solids  (or  aolid  eolutiona)  of  augar, 
flasSi  or  fiulphur  on  mechanical  stimulation, 

I  II-  The  Them^  of  InUrynediaie  Reuetiont. — Thia  theory  of 
catalytic  action,  in  it8  npplicat.inn  at  leant  to  onj*  clauical  rc^a';tinn» 
viz,  that  of  production  of  anlphur  tnoxide  from  anlphur  dioxide 
and  oi^cygen  by  the  catalytic  action  of  nitric  oxide,  waa  introduce 
even  before  the  previous  one,  although  it  doea  not  appear  to  have 

urred  to  any  one  to  invoke  it  as  a  general  theory  of  catalysis 

until  long  after  Liebig^a  theory  had  been  propagated,     A«  early 

A5  1606  ClemeiLt  and  Deaonnea  deHcn1>ed  this  procewi  in  the  f«aden 

ibambcr  sulphuric  acid  proceaa  aa  ariaing  from  an  alternating 

uction  and  oxidation  of  the  nitrogen  oxides^  Another  claaaical 
example  is  the  formation  of  the  intermediate  ethyl-hydrogen 
anlphate^  shown  by  WilHamaon  to  occur  in  the  continual  etberif^ca' 
tion  proceaa  for  the  production  of  ethyhc  ether  from  ethyl  alcohol. 
Although  bcdiea  correapondiiig  (o  sucIl  btfinn^iat^  reactiona 
have  been  isolated  in  sonu  ooaea  by  ajightly  varying  tb«  cCAdi- 
tiona  of  reaction,  it  hafl  fre^^ienlly  been  dinputed  whether  or  not 
they  afTtuaTly  occur  in  the  reaction  as  it  takes  place  under  funul 
coniditiDDfl.     Farther,   Ostwald  haa  rightly   pointed   out   that  the 

re  fact  of  the  occurreace  of  auch  a  body  ia  by  do  meann  a  proof 

t  it  is  the  cause,  or  a  at«p  in  the  proceaa*  of  the  quicker  catafytic 

Ofu    It  may  not  be  an  tatermediate  prodoct,  tt  may  merely 

1m  a  bye-product.    In  order  that  flacb  a  body  can  be  vhown  t4 
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be  a  p^t  of  the  catalytic  reactioD,  it  must  be  sliowii  not  only 
that  it  occurs,  but  tli&t  llie  sum  of  the  time^,  for  its  formation 
and  it^  breaking  up  again  to  form  the  Eoal  producta  of  the  reaction, 
ia  Icaa  than  the  time  of  the  direct  non-cfltalyfi^  inaction.  Other- 
wise it  is  clear  that  the  reaction  wiU  run  mote  quickly  without 
the  irtennediate  body  being  formed. 

It  LA  clear  that  thia  cooditioEi  ia  satisfied  in  thoae  c&sea  in  wbicb 
the  reaction  doea  not  go  at  all  in  the  absence  of  the  Cfltalyscr, 
or  doea  not  go  within  appreciable  experimental  limits,  ixa  in  the 
caae  of  Bulphur  dioxide  and  atmoapheiic  oxygen  mentioned  above. 
Here  it  i>4  obvious  that  the  reaction  wi^bout  the  catalyst  nina 
more  *lciwly  than  the  aiim  of  the  formation  of  nitroayl-aulpburiG 
acid,  and  the  decomposition  of  this  to  form  eulphnnc  acid  and 
nitric  oxide,  without  any  quantitative  work  on  the  subject.  Also 
in  one  case  of  a  reaction  which  does  run  at  a  meaaiirable  rate  by 
itself,  viz.  that  between  hydriodif:  acid  and  hydrogen  peroiide 
ui  which  water  and  iodine  are  formed,  but  which  13  catalysed  into 
much  greater  velocity  by  niolvbdic  acid,  it  has  been  shown  by 
Brode  that  an  intermediate  compound  pep-niolybdic  acid  can  be 
isolated,  and  also  that  the  sum  of  the  times  of  formation  of 
(1)  per-mofybdic  acid  from  molvbdic  acid  and  peroxide,  and  (2)  the 
oxidation  of  hydnoilic  arid  by  per-inolytHlic,  acid  to  iodine  with 
regeneration  of  molybdic  acid,  is  le-as  than  the  time  of  direct 
oxidation  of  hydtiodic  acid  by  peroxide  in  the  absence  of  molybdic 
acid. 

Although  a  proof  that  the  sum  of  the  times  was  gre/Uer  than 
the  direct  time  would  rule  out  tbe  intermediate  compound,  It 
muflt  be  clearly  pointed  out,  however,  that  the  times  being  Uss 
does  not  neceidarily  prove  that  the  intermediate  compound  forma- 
tion actually  occurs  and  is  the  caua#  of  the  catalyaea.  What  it 
does  prove  is  that  the  formation  of  the  intprmediate  compound 
would  increase  the  velocity  of  the  reaction  by  a  defunte  amount; 
but  such  increase  might  be  due  to  other  causes,  and  the  increase 
by  such  other  means  might  be  greater  than  that  by  the  path  of 
the  intermediate  reaction. 

StiH,  an  esperimpntal  proof  that  the  path  by  intermediate 
reaction  is  quicker,  is  presumptive  evulence  that  the  reaction 
probably  occurs  by  such  intennediate  reaction. 

It  ia  only  in  a  comparatively  few  of  the  known  catalvtic  rcao- 
tions,  however,  that  such  intermediate  compounds  have  been  shown 
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to  cxisfc,  and  in  s  iew  others  they  have  been  introduced  us  an 
hypotheais  to  explain  ureguiantiefl  of  reaotion.  In  the  majority 
of  cases  there  la  no  c^xperiniBntal  proof  tor  the  oxiateoco  of  auch 
compounds.  Further,  as  Oatwald  has  pointed  oat,  the  theory 
of  infcerniediftte  reai^t.ion  fnJln  entirely  to  account  for  the  actioa 
of  negative  catalysts,  for  heie  tlie  indirect  action  must  go  more 
alowly  than  the  direct  one.  Accordingly  the  direct  reaction  would 
run  at  ita  own  undimiolahed  rate  by  itaelf,  for  the  quantity  of 
catalyst  ia  too  amah  to  take  all  the  substratum  at  the  be^nning 
and  compel  its  conversion  hy  the  slower  rate. 

The  conclusion  may  accordingly  be  drawn  t!mt  although  inter- 
mediate reaction  may  and  probably  doea  occur,  and  increaae 
reaction  velocity  in  a  considerable  number  of  eatalj^o  reactions, 
it  is  evident  that  this  does  not  fumiah  a  universal  explanation 
of  catalyai.s  applipable  to  all  rsjivs. 

in.  Thc&rif  of  Akered  SoluhiUttf  and  DijfererU  Readiim-velocUff  of 
the  Substratum  in  the  Vatahjst. — The  outline  of  this  theory  was  firat 
given  by  Faraday,  who  showed  that  all  port>us  and  finely  divided 
bodies,  such  as  porcelain  clay,  wood  charcoal^  animal  charcoal, 
and  Home  metalfl,  notably  platinum,  posj^eased  the  property  of 
taking  up  different  gases  and  coudermng  tbem,  and  ascribed  to 
thifl  property  the  power  such  bodies  were  known  to  poBaess  of 
inducing  or  favouring  chemical  reaction,  as,  for  example,  in  causing 
the  iinit>n  of  a  mixture  cf  hydrogen  and  oxygen  at  ordinary  tempe- 
ratures tn  the  cane  of  spongy  platinum.  Such  an  effect  can  obviously 
only  obtain  in  a  heterogeneous  syateuk,  that  ih,  a  system  in  which 
there  ifi  discontinuity  of  atnicture  and  chemical  corapoaition,  for 
in  a  homogeneous  system  there  is  no  opportunity  for  variation 
in  concentration  of  the  componenta  of  the  system.  For  example, 
in  the  above  case  of  spongy  [ilatinum,  there  are  portions  of  the 
flyatem  where  on  accotint  of  the  presence  of  the  platinum  within 
molecular  diatance  of  action,  the  hydrogen  and  oxygen  can  become 
condensed  in  the  metal  or  on  ita  surface,  and  the  action  can 
therefore  proceed  mora  rapidly  than  in  those  parts  of  the  system 
outside  the  range  of  action  of  the  platinum  where  the  reaction, 
if  it  proceeds  at  all,  can  only  proceed  at  the  rate  at  which  it  takes 
in  the  absence  of  platinum. 

Similarly,  in  the  case  of  a  colloidal  catalyst,  auch  as  moat 
enzymes  are  suppoaed  to  be,  it  may  be  supposed  that  the  catalyst  is 
present  in  the  form  of  ultra -microscopic  particles  suspended  in  the 
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such  as  dilute  ficid^  the  bIatcL  particle  may  be  reganled  as  a  phase 
to  wliich  the  hydrogen  ions  are  atlra<^ted  and  hecome  concentrated, 

and  in  whirh  th^y  iiirvrwifti*  the  velociiy  of  n?ao1.:on.  the  [inxlucts 
of  reaction  then  rapidly  diffusing  ont.  through  the  large  surface 
of  atarch  particle  compared  to  its  maaa*  and  so  fresh  starch  mole- 
cules undergoing  att^Lck.^ 

It  must  be  admitted,  however,  that  such  differencea  in  velot'ity 
of  reaction  in  colloidal  catalyst  or  colloidal  subfltratuin  as  coinpnri'd 
with  the  other  phase  of  the  solution  have  never  l>c^n  exp^Hment- 
allj  demonstrated,  Alao  all  attempts  to  demonfitrate,  aa  a  model. 
an  artificial  emubion  confiiatiiig  of  two  phaaca  by  the  operatioa 
of  which  a  ruction  took  place  more  mpidly  than  in  a  homogeneous 
solution  of  on^  of  the  phases  only,  have  hitherto  faiteU. 

Bretig  has  postuUted  euch  an  emulttion  somewhat  as  follows : 
it  ahould  consist  of  two  media.  A  and  B.  of  which  B  should  form 
a  auap^naioTi  menstnium  for  A.  the  reaction  to  be  tested  should 
ruii  more  quickly  in  A  than  in  B^  and  the  reaotin^E  fluhstanco  should 
be  more  soluble  in  A  than  in  B,  and  if  possible  thi?  products  of 
reaction  tihoiild  be  more  soluble  in  B  than  in  A.  Couki  such  an 
emulsion  be  constnitited.  there  is  no  doubt  that  the  reiLctiiui  would 
run  more  quickly  in  it  than  in  a  homogeneous  solution  in  D  alone, 
and  it  would  illuBtrate  the  foregoing  theory  as  to  the  mode  of 
action  of  colloidal  enzymea. 

In  conclusion  regarding  this  most  ingenious  theory,  which  in 
all  probahjlity  does  hold  in  carta,in  caHtu  of  colloidal  ratalyats, 
particularly  those  in  which  a  concentration  or  condensation  of 
the  reactmg  aubatance  occurs  ia  or  upon  the  catalyst,  it  must 
be  emphasised,  however,  that  it  cannot  form  an  explanation  of 
all  catalytic  action,  because  it  is  a  necessary  premise  of  the  theory 
that  either  the  catalyst  or  substratum  must  be  colloidal. 

>  Attention  majr  hit  dmwo  to  (be  fact  tbot  in  cages  trhsre  th«  BubfltnttviD  ll 

of  tbu  a^&LeiD  ZLbd  ibo  catAlj^Btn  aiiDiJar  to  that  eoi-ii  bctwiriic  tbe  oolloiiial  catalyst 
iLnd  reacLiUfT  mbatanoc  Id  ihe  cuie  of  platinoui  aih\  gajtt.  Thus,  thv  »tioi>g 
attraction  of  fibrin  fur  pepain  a  a-nalu^uDa  (c>  ihe  aVltacllvE  uf  tbti  jmctm^  i^ohcb 
hy  tb<]  pbktiuuiDk  In  oni?  cdau  ihv  caial>i4t  ia  acira^rvi^  nud  uuni^i-uimttid  in  ibt 
lubttiatuiQ  :  in  tlit-  uLher  the  irUbtrlriLium  is  Bttmctcil  micl  coDcciitratul  In  the 
catalyBt. 
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SlIAIllARV    REOARUIXO    ThEOKIES    OF    CaTALYTICJ   ACTlON 

AND  Correlation  of  tbgsb  Theories 

A  review  of  the  tbeodea  at  uatalyals  such  as  is  given  nbove 
appeara  to  the  author  t-o  indit^ate  that  the  esplauation  liea  not 
iu  a.ay  one  of  them  bat  in  a  correlation  of  all  Each  of  them 
sapplies  &  different  path  which  may  be  used  in  different  special 
cases  to  reach  the  same  end.  The  end  to  ha  reached^  in  order 
that  the  reaction  velocity  may  be  increaaed,  ia  to  diminish  the 
reaisbance  to  reaction-  The  potential  factor  or  vis  a  teigo  to  the 
reaction  ia  dependent  upon  the  energy  freed  in  the  reaction,  and 
thifl  in  turn  upon  the  initial  and  final  chemical  energies  of  the 
reacting  aubatancea,  hcncj;  thia  factor  may  he  regarded  aa  conataot- 
But  the  velocity  with  which  equilibrium  will  be  reached,  and 
in  fact  whether  it  will  he  reached  at  aU,  depends,  as  pointed  out 
previously,  upon  what  the  value  of  the  resistance  is  to  the  reaction. 
Now  all  the  above  theories  are  cKplanations  of  various  means 
by  which  the  rcsiatonce  may  be  altered^  and  so  the  reaction  velocity 
varied,  and  which  of  these  means  ia  taken  must  vary  with  the 
circumstances  of  each  case,* 

Thus,  increase  of  molecular  vibration,  as  in  chemical  reactiona 
induced  by  detonation,  or  by  mere  contact  with  a  chemical  catalyst, 
may  decrease  the  molecular  atabilitv,  and  bo  increaae  tlie  velocity, 
arkd  by  analogy  this  may  also  occur  in  leas  easily  provoked 
reactions ;  again,  (he  formation  of  intermediate  products  may 
break  up  by  intermediate  stages  (he  molecular  stabihty,  pro- 
ducing conipounde  in  which  the  resistance  to  reaction  is  lessened  ; 
change  in  the  proptrties  of  the  solvent  may  induce  or  hasten 
reaction  by  briiiging  new  attractions  to  bear  upon  the  constituent 
groupa  of  the  molecule,  ao  that  thi*.  resistance  to  thew  parting 
company  may  be  increased  or  diminished,  and  the  reaction  velocity 
correspondingly  varied ;  this  change  may  be  occasioned  by  the 
preaence  of  a  h  etc  rage  upous  system  with  dificrent  reaction  velocities 
du€  to  different  solventa  in  its  two  phases  ;  varying  concentration 
may  alter  the  relationshI|w  and  attractions  between  solvent  and 
substratum  and  so  vary  resistance  and  reaction  velocity- 

*  U  ih  noi  iiiHiinL  litTp  thiil  tbn  nicane  by  vliith  cljomica]  retiBtanto  may  Ikj 
■ludied  ara  not  nf  iba  bighent  valito,  anH  delLI  foi  oimL  carafol  atticly,  but  uoly 
10  polut  out  that  ifclL  ibimtt  muflti  be  corre]4iteil  BJid  [Ad  to  the  Aajae  tttd. 
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There  Is  hence  nothing  incompatible  between  the  different 
theories  of  catalytic  action,  and  these  must  be  regarded  as  theories 
of  the  means  by  which  the  one  common  factor  of  chemical  resist- 
ance to  reaction  can  be  aKected- 


Means  other  than  Catalysis  by  which  Chebqcal  Reactions 

CAN   BE   induced,   OR  REACTION   VELOCITY  VARISD 

Catalyms  la  not  the  only  means  by  which  a  reaction  may  he 
induced,  or  the  resistance  to  a  reaction  be  reduced.  We  have 
Been  that  provided  any  enei^-transformer  is  included  in  the 
resisting  system  whereby  energy  can  be  added  to  the  reaction, 
the  reaction  need  not  run  towards  the  equilibrium  point,  but 
instead  the  chemical  energy  may  be  increased,  and  complex  chemical 
substances  possessing  more  chemical  energy  may  be  built  up  from 
simple  and  completely  oxidised  inorganic  substances,  and  we 
have  instanced  the  chlorophyil-containing  cell  of  the  plant  as  an 
example  of  such  an  energy'transfonner  which  is  capable  of  con- 
verting radiant  solar  energy  into  chemical  energy.  In  all  hving 
cells  we  have,  however,  examples  of  such  reaction  in  which  energy 
aet  free  from  one  reaction  is  utilised  to  run  another. 

To  consider,  accordingly,  that  all  the  reactions  of  cell  life  are 
catalytic  is  to  take  a  narrow  and  incomplete  view  of  the  problem 
of  the  chemical  life  of  the  c^U.  Important  to  the  cell  economy 
as  arc  those  reactions  induced  by  enzymes,  they  form  hut  one 
portion  of  the  whole,  and  if  the  chemistry  of  the  cell  included 
only  such  reactions  as  could  be  induced  by  enzymes,  there  would 
be  no  building  up  of  compounds  with  greater  chemical  potential 
such  as  actually  occurs,  the  whole  proceas  would  become  katabohc. 

Jt  is  the  linkage  of  one  reaction  with  another,  and  the  using 
of  the  free  energy  of  one  to  run  another,  which  specially  char- 
acterises the  cell  and  differentiates  the  cell  from  the  enzyme. 

In  such  a  connection  of  two  reactions  there  is  something  there- 
fore superadded  to  the  action  of  a  catalysts  The  catalyst  can 
only  alter  the  resistance  to  the  induced  reaction.  An  inducing 
reaction  can  in  addition  add  energy  to  the  reaction  induced  because 
it  itself  gives  out  free  energy. 

Hence  the  old  idea  of  Liebig,  that  a  body  which  is  Itself  in  a 
state  of  reaction  may  induce  reaction  in  another  body»  although 
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not  &  necesflary  part  nf  a  theory  of  catalyeis,  Leriuse  botli  litHlicH 
arc  altered,  must  not  be  lost  sight  o£,  aince  it  ia  of  high  importance 
to  chemJcal  kineticB,  and  more  especially  for  the  chemistry  oi 
the  cell. 

It  may  be  noted  that  an  int^uced  reaction  by  such  a  body  may 
either  be  aimilar  to  that  producwl  by  h  catalyst,  Ifi  that  it  also 
nina  down  hill  like  the  reoctioa  inducing  it  with  energy  beiag 
set  free,  or  niny  nm  in  the  opposite  direclioc  away  froni  ita 
equilibrium  point,  taking  up  the  energy  Bet  free  in  the  inducing 
reaction. 

Even  in  the  first  case  where  both  inducing  and  induced  reac- 
tion run  towards  their  respective  equilibrium  pointa,  and  energy 
is  set  frac  in  both,  it  la  evident  that  the  inducing  reaction,  other 
things  being  equals  will  be  a  more  powerful  agent  in  incroamng 
velocity  of  reaction  than  a  catalyst.  For,  if  the  catalyst,  which 
can  add  no  energy  to  the  reaction  becauj^e  it  remains  unchanged 
itself,  can  diminiah  the  reaistance  so  as  to  start  or  increaBe  the 
velocity  of  a  reaction,  still  more  can  a  substance  undergoing  change 
and  giving  out  free  energy  start  ct  hasten  a  reaction. 

This  ia  not  mere  theory  or  hypotheaiSj  hut  experimental  fact, 
verifted  by  many  chemical  experiments  in  eyery<lay  laboratory 
use ;  the  subject  aeenis^  however,  to  be  often  forgotten  or  lost  flight 
of  from  the  preponderatmg  attention  given  to  catalytic  action- 
No  better  example  can  be  given  than  that  quoted  by  Liebig  in 
1840,  of  the  action  of  nitric  acid  upon  silver  in  inducing  a  similar 
action  ujion  platinum. 

^^  Platinum,  for  example,  does  not  decompose  nitric  add ; 
it  may  be  boiled  vnth  this  acid  without  being  oxidised  by  it,  oven 
when  in  a  state  of  such  fine  diviBion  that  it  no  longer  reflects  light 
(black  spongy  platimim).  But  an  alloy  of  silver  and  platinum 
dissolves  with  great  ease  in  nitric  acid  ;  the  oxidation  which  the 
silver  suffers  causes  the  platinum  to  undergo  the  same  change  ; 
or,  in  other  worda»  the  latter  body,  irom  its  contact  with  the 
oxidising  fiilver,  acquires  the  property  of  decomposing  nitric 
acid," 

*'  Electrical  action  cught  to  have  retarrled  or  prevented  the 
oxidation  oE  the  platinum  in  contact  with  silver,  but,  as  experience 
flhowa,  thia  action  is  more  than  counterbalanced  by  chemical 
action.*' 

Example  are  also  not  wanting  in  inorganic  chemistry  of  where 
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the  energy  set  free  in  one  reaction  is  used  to  c&ii^e  another  reaction 
to  proceed  away  from  the  direction  of  its  etjuilibiiuRi  point,  as 
in  the  reduction  actions  often  induced  by  oxidiaing  agenta.  For 
example,  in  the  action  of  hydrogen- peroxide  upon  certain  metftUio 
oiides,  such  as  silver,  gold,  and  peroxide  of  lead.  Here  ttie  reactjon 
of  fomiation  of  water  and  oxygen  from  hydrogefi- peroxide  which 
goes  on  slowly  by  lleelf,  and  gives  nut  free  energy,  i^  actually 
enornioaaly  increased  in  velocity '  by  another  reocttoo  which 
abfiorba  energy  in  tho  proccaa.  The  induced  reaction  runs  the 
iodnoicg  reaction  backwartJs  away  from  ita  ecfuilibrium  point  by 
means  of  the  energy  wliich  would  be  otherwise  set  free.  The 
reaMm  for  the  increased  velocity  is  the  aatne  as  in  the  case  of 
catalytic  action;  although  free  energy  from  the  induced  reaction 
IB  taken  up  by  the  indudng  reaction,  the  reaistance  in  the  proceaa 
of  the  intermediate  stage  due  to  setting  free  of  nascent  oxygon  ie 
removed,  and  in  this  respect,  although  undergoing  alteration  itself 
with  abfiorfjtion  of  energy,  the  metallic  oxide  acta  aa  does  a 
catalyst  in  catalysed  reactions. 

But  it  is  in  the  metabolism  of  the  living  cell  that  we  meet  with 
examples  of  eueh  linked  aud  induced  reactions  in  greatest  numborSi 
Even  in  the  animal  cell,  although  the  balance-sheet  of  metaboliam 
a  in  favour  of  oxidation  with  liberation  of  free  energy,  it  ia 
mistake  to  suppose  that  there  are  no  reactions  running  in  the 
reversed  direction.  We  have  seen  oarher,  that  with  the  varying 
conditions  of  concentration  in  the  cell  the  equiUhrium  point  may 
alter  so  that  syntheses  forming  the  reveraaU  of  simple  hydrolytio 
cleavages  may  readily  occur  iu  the  cell,  simply  by  the  action  of 
CQzyiaes.  Such,  for  example,  as  maltose  formation  from  glucose, 
of  glycogen  formation  from  glucose,  of  proteid  from  albumose, 
or  even  of  neutral  fat  from  fatty  acids  and  glycerine.  Suoh 
syntheaes  demnrd  Uttle  or  no  energy,  because  the  chemical  energy 
of  the  subfttancert  upon  one  aide  of  the  equation  is  practically 
identical  with  that  of  the  substances  upon  the  other,  and  hence 
variations  in  osmotic  energy  with  changes  in  concentration  may 
easily  make  the  balance,  so  that  an  enzyme  which  adds  no  energy 
may  aSect  the  converaion.  But  in  such  cases  of  metabolic  change, 
aa,  for  example,  the  converolon  of  carbohydrates  to  fata,  where. 
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weight  for  weight,  the  energy  is  almost  double,  or  in  the  cooveision 
of  carbon-dioside  and  water  iiitu  organic  rompounda,  aa  in  the 
green  leaf,  where  energy  is  aho  taken  up.  fiuch  energy  must  be 
provided  from  other  aourcca  and  n  more  comple:^  mechanism  than 
that  of  the  efiayn^^*  capable  oJ  linking  together  different  chemical 
reactions,  or  of  acting  oa  a  trauaformer  of  other  energy  forma  into 
oheniical  energy  must-  be  preaent. 

Tlus  is  the  part  taken  by  the  living  cell,  which  in  one  oxidising 
action  obtains  free  energy*  and  in  an  accompanying  reducing 
action  stopea  this  energy  up,  at  least  in  part^  in  a  new  ayntheaiBed 
body  at  a  higher  potential  of  chemical  energy  than  that  from 
which  it  came,  In  this  process  enzymes  may  freely  be  used  by 
the  ceilt  but  they  are  co-ordinabed  and  regulated  in  the  process. 

further,  in  the  process,  a  set  of  energy  mnnife stations  peculiar 
to  life  appear,  which  cannot  be  reproduced  elsewhere  than  in  living 
cells,  and  as  this  is  the  sole  criterion  which  differentiates  one  form 
tit  energy  from  another  in  the  iiLorganiu  world,  it  may  jufitly  he 
maintained  that  we  are  here  deaUng  with  a  peculiar  type  of  energy, 
although  this  arisea  from,  and  ultimately  passes  back  again  into, 
inorganic  forma. 
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SECRETION   AND   GLANDULAR   IIECIIANISMS 


Cortelal-ion  of  Setreiion,  Ahsorjjtittn,  aiid Excretion,  and thnr  Relation- 
ship to  Osntotui  Eiu^jtf. — Tlift  [infceftsea  of  fcecrf-tion,  absorption, 
and  excretion  oie  (listiaguiftbed  from  one  another  only  hy  tkeii 
object  or  phyi^iological  fuQction,  and  not  by  anything  intrinsicolly 
different  in  their  nature  or  in  the  mechftnism  by  which  these 
processes  are^caniod  out  in  the  body.  The  purpose  of  Heeretion 
is  to  prepare  an  active  subHtauce  in  aolution  for  udu  in  afsi^lsling 
a  process  which  is  of  service  to  tbc  organism  in  some  other  part. 
Buch  ofi  a  digestive  socretion ;  a  secretion  of  a  substance  which 
hae  a  guiding  inHuence  upon  cliemieal  change  in  other  tifi^uea, 
and  hence  afTects  the  state  of  activiry  of  tlio.se  tissues,  aa,  for 
example,  the  iiitenial  flecretiona,  adrenalin,  secretin,  &c, ;  or  a 
Beoretion  which  acta  by  mechanical  means,  Auch  as  the  secretion 
of  the  tears  in  the  lachrymal  gland,  the  mucous  secretions  on  the 
mucouB  durfac^a,  and  the  serous  and  synovial  secretions  of  the 
aeroiiB  and  synovial  cavities.  The  purpose  of  absorption  ia  to 
take  up  for  the  service  of  the  body  generally  and  of  the  absorbing 
ceQa  the  materials  in  solution  which  have  been  prepared  and 
modified  by  the  secretions.  Lastly,  the  purpose  of  excretion  is 
to  remove  from  the  body  materials  which  have  passed  through, 
or  been  formed  lu,  the  cycle  of  metaholiam  in  the  body,  and  have 
become  wa^te  prcKlu<"ts  for  wJiicb  the  body  has  no  further  use. 
In  addition,  the  purpoae  of  esccetion  ia  to  maintain  in  normal 
amount  and  concentration  in  the  circulating  fluid  of  the  bjdy. 
the  blood,  those  products  whioli  are  of  service,  for  in  abnormal 
concentrations  these  useful  bodies  become  as  iiijiirious  to  the 
living  cells  aa  eiTftte  products  of  metabolism,  or  foreign  anb- 
staaces  of  actively  poisonous  nature. 

Reepiration  also  is  essentially  identical  in  its  nature  with  theee 
three  proceaaeB,  being  a  combination  of  absofptioDT  secretion, 
and  excretion,  the  only  diflerence  being  that  the  products  con- 
cerned in  reepiratiou  cjcist  in  the  form  of  gaaea  before  being  taken 
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into  the  body  and  after  being  removed  from  it.  bub  in  the  proceaa 
of  respiration  itself  the  substances  concerned,  oxygen  and  carboQ- 
dioxide,  are  aa  truly  in  aqueous  solution  as  are  the  subataaces 
involved  in  secretion,  absorption,  and  excretion.  It  is  clear,  tbeo, 
that  the  purposea  served  in  the  proceeses  of  Betretion,  absorp- 
tion, excretion^  aud  respiration  di^er«  but  we  shall  see  that  in  so 
far  as  the  intrinsic  nature  of  these  processes  and  the  mechanisms 
by  which  they  arc  carried  out  are  concerned,  they  are  cloaely 
similar  or  identical,  and  are  governed  by  the  same  laws. 

At  the  outlet  it  may  be  pointed  out  that  not  only  in  respira- 
tion, where  the  differentiation  of  the  process  into  two  parts^ 
an  ertcrnal  respiration  and  an  internol  or  tissue  respiration^ 
has  been  clearly  recognised,  but  al^  in  the  other  proeesaes  of 
secretion,  absorption,  and  excretion,  there  are  two  parts  to  the 
process,  viz.  (I)  an  internal  or  cellular  part,  in  which  chemical 
changes,  and  processes  involving  energy  changes  within  the  celb 
active  in  the  process,  occur,  and  {2}  an  external  or  mechanioal 
part  in  which  the  products  acted  upon  are  brought  to  or  carried 
away  irom  the  cell  and  transferred  to  other  parts  of  the  organism, 
and  by  means  of  which,  through  the  activity  of  mechanisfna 
external  to  the  cells  concerned  in  the  active  process,  the  internal 
or  cellular  part  is  modified  and  regulated. 

Thus,  in  the  case  of  secretion,  we  may  point  out  as  the  internal 
or  cellular  part  of  the  procesn  :  (I)  the  formation  and  storage  in 
the  cell  of  the  intrinsic  arganic  constituents  of  the  secretion,  m 
zymogens,  kc.  in  which  process  the  cell  acta  as  an  energy-trans- 
former upon  the  chemical  energy  supplied  by  the  organic  con- 
stituents of  the  plasma,  and  builds  up  its  own  epeeial  products 
from  these  constituenti ;  (2)  the  formation  from  the  inorganic  con- 
stituents of  the  plasma  of  the  inorganic  constituents  of  tha 
secretion  against  the  laws  of  diffnaion  and  osmosis,  so  that  the 
oamotic  energy  is  increased  by  the  eeparation  of  a  aecrction  con- 
taining substances  in  greater  concentration  than  they  possess  in 
the  plasma,  the  cell  here  again  acting  ah  a  trnnsfonner,  and 
converting  cbemical  energy  derived  from  its  absortied  and  oxidised 
food  into  osmotic  energy. 

But  we  have  also  in  secretion  the  external  part  of  the  proceaa 
in  which  agencies  outaide  the  secreting  celt  come  into  operation, 
and  either  modify  the  action  of  the  call^  or  produce  an  effect  apart 
from  the  cell  entirely. 
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Tbe  ftgents  which  come  into  opention  m  the  external  pta\ 
td  Bccretion  mAv  be  cUssified  &s  follows  : — 

^1)  The  alterstjon  m  the  supply  of  l^uid  or  solvent  and  of  dia^ 
solved  and  aatnent  matter  to  tbe  cell,  aucH  oa  Tariattons  of  the 
blood  aopplv  to  the  aecreiing  oeLla ;  or  alterations  in  the  ood- 
oentraboD  of  the  disaolved  £ubdtaDces  in  the  blood  supply,  for 
example,  alteration  of  percentage  of  glucose  In  the  blood  which 
infloencea  the  glycogen-aecreting  [>ower  of  the  liver  cells. 

(2)  Alteratioiifi  in  the  Aecretorj  activity  of  the  celb  due  to 
external  cau^^  when  the  supply  of  solvent  and  nutrient  remain 
constant  or  do  not  change  proportionately  to  the  chan^  in  secretory 
ftctivity,  such  &s  the  stimulation  of  th?  special  secretoir  nervous 
mechanism  of  the  secretory  cells*  or  the  eSectd  upon  secretion 
of  chemical  substances — for  example,  secrdin  upon  the  pancreatic 
cells,  or  gastrin  upon  the  gastric  cells,  or  drugs  such  as  pilocarpin 
or  atropin  npon  secretory  cells  in  general. 

■       (3)  Most  external  in  character  of  all  are  the  meehanianxs  by 
whii^h  the  secrettons  in  certain  cases  are  carried  away  from  the 
aecreting  celb.  diverted  into  different  chaonela  so  as  to  be  carried 
away  to  different  parts  of  the   body»  or  by  certain    muscular 
arrangements  in    the   different   ducts,   are    retained    ready    and 
already  secreted  for  use  at  intenuitt^nt  poriodfl.     Examples  of 
^-jBUch  external  inechanisnis  of  secretion  are  found  in  the  ducba  of 
^Pnecreting  glands,  often,  when  of  an  appreciable  length,  supplied 
with  muscular  walls  which  by  means  of  peristaltic  contractions 
^- pass  on  the  secretion,  or  by  sphincters  at  definite  parts  along 
^■their  ooiuae,    provide   for   its   retention  until  a    re6ex  stimulua 
causes   it  to  be  discharged   when  there   h  physiologii^al   occasion 
for  its  use.      Storage  aaca    for  the  secretion  are   found  in   the 
gall-bladder,  in  the  organs  of   generation,  in  tbe  dilated  ducts 
of  the  mammary  gtand,  and  in  the  poison  glands,  &e-,  of  many 
animals. 

Exactly  the  same  division  into  an  intrinsic  indispensable  cellular 
or  internal  part  is  seen  in  the  procesaes  of  excretion  and  absorption, 
together  with  a  more  or  leaa  expanded  and  varying  accessory 
or  external  part. 

Thus,  in  absnq>tit»n,  we  have  in  the  intestinal  columnar  cells 
an  active  cellular  ahtMirption,  with  accompanying  chemical  change, 
and  work  done  against  osmotic  pressurCp  and  the  externa)  part 
of  carriage  of  tlic  products  to  the  tissues,  where  again  cellular 
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processes  of  absorption  occur  modifi^  by  the  operation  of  the 
nervous  system,  and  new  prndiirU  are  given  out  which  are  cairifidi 
by  an  cxtza  cellul&i  process  to  othtv  celb.  Sinularlr  m  excretion, 
wc  have  cellular  activity  in  which  the  excretory  products  are 
fonned  in  the  various  cells  ;  eiif^mal  prowsses  by  which  these 
are  carried  to  the  liver ;  celliilar  processes,  a^in,  in  which  the 
excretory  products  are  chemically  modified :  external  proceseeal 
by  which  the  products  are  carried  to  the  excretory  organ,  such 
aA  the  kidney  :  and.  lasliy.  in  the  special  excretory  organ  ilaelf, 
we  have  cellular  proe^ssee  again  in  which  the  excreting  cell  provided 
energy  for  work  to  be  done  against  osmotic  pressure  with  eone- 
s[>aiidirig  incre^L^  in  osiuotic  energy,  at  the  expense  of  chemical 
euergy  obtained  {wm  oxidation  of  nutrient  matter.  Throughout 
the  proce^^s.  in  addition  to  external  carriage  in  the  blood 
stream,  there  La  also  the  plav  from  without  upon  the  activn 
ceUs  of  the  external  agencies  (o)  of  the  nervous  STStem  directly,i 
or  indirectly  through  the  vaso-motora,  and  {b)  the  Htininlus 
of  cheDoical  substances  in  the  circulation,  which  may  al^o  act 
upon  the  cells,  or  intermediately  through  varying  the  blood 
supply. 

It  19  in  the  ext^mial  parts  of  the  proce-aaes  that  the  chief  difler- 
ence-i  in  their  mechanisms  are  to  be  found,  and  tbtA  statement 
holds  not  only  in  contrastiitg  the  processes  of  respiration,  accretion, 
abaorption,  and  excretion  with  one  another,  but  in  regard  to  the 
variatioi^B  between  one  type  or  case  of  secretion.  Ac.  and  another, 
The  variations  in  the  external  mechanisms  are  manifold  between 
one  process  and  another,  and  from  one  animal  species  to  another 
wltli  reganl  to  how  the  t^amv  fundamental  process  is  carried  out; 
but  in  all  cas^s  the  essential  cellular  process  ia  very  much  ahke, 
and  the  same  types  oE  phenomena  arc  to  be  found-  There  is  in 
every  case  a  living  cell  involved  in  the  process,  and  by  this  Lving 
eeH  the  procea^s  of  diffusion  and  osmosis  ate  profoundly  modified- 
Snbetances  are  separated  often  at  higher  concentrations  than  in 
the  bathing  fiuid,  wluch  can  only  take  place  on  the  condition. 
that  energy  ia  Irunsfonned  by  the  cell  and  converted  into  osmotie 
energy.  New  substances  are  produced  in  many  cases  which  ar© 
typical  of  the  action  of  the  cell  involved,  and  can  only  be  produced 
as  a  result  of  energy  transformations  induced  by  the  cell.  Even 
where  the  concentrations  of  every  single  iuHlance  in  the  secretion 
may  be  lesa  than  in  the  bathing  fluid,  and  no  new  Hubatance  in 
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produced  in  the  passage  through  thd  cell/  the  TOta  oi  AecretioD 
or  transmission  is  so  much  subject  to  variation  apart  from  purely 
physical  faotors,  that  the  cell  must  be  regarded  as  sometliing  more 
tban  amply  an  inert  memhriLue,  b^ctLUse  its  permeabilLty  for 
different  diMolvcd  aubatancea,  and  for  the  solvent,  vary  from 
time  to  time  as  the  cell  is  acted  upon  either  by  the  nervous  system 
or  by  substaneea  in  solution  in  the  plaama.  Such  specific  sub- 
stant^ea  dissolved  in  the  plasma  possess  the  power  of  afTectiiig 
permeability  for  other  and  quite  different  aul>stanoea  in  a  manner 
nevei  acen  in  the  case  of  non-Living  membranes  or  apart  from 
living  cella. 

Tht  eonflideration  of  the  meehaniam  of  secretion  may  accord- 
ingly be  divided  into  two  parta^  viz.  (!)  the  intrinsic  activity  of 
the  cells  cont^erned  iii  secretion,  and  (2)  the  accessory  mechamsms 
by  which  the  rate  oE  accretion  is  varied  and  controlled. 


Iktrissiu  Activity  of  Secreting  Cklls 

That  secreting  cells  do  not  act  in  a  passive  inert  manner  as 
filtering  mechanisms,  or  as  membranes  possessing  different  and 
fonst^nt  permeabihties  for  different  dissolved  substances  in  the 
plasnia.  or  as  media  in  which  different  substances  poss<?Ba  different 
HolubihtieSj  ia  proven  by  many  ejtperiraental  observations.  Thus 
that  the  rate  of  secretion  ia  not  merely  passively  dependent  apon 
blood  pleasure  and  blood  supply  {although  under  normal  con- 
ditioTia  it  is  subjeut  to  variati'jns  corresponding  to  changes  in 
these  physical  factors)  is  shown  by  the  observation  of  Ludwig 
that  the  secretion  presaure  in  the  submaxillary  salivary  gland. 
when  the  outflow  is  roaistod  by  Hiiid  in  a  nianometcrj  may  rise 
much  above  the  arterial  pressure ;  and  also  by  the  obaen'ation  that 
after  adrcuniatralion  of  a  drug,  such  as  atropin,  the  blood  supply 
may  be  increased  as  nmch  as  before  ad  ministration  of  the  drug  on 
atimulation  of  the  secretory  nerve,  without  however  calling  forth 
any  flow  of  seeretion.  In  other  caseSj  such  aa  the  kidney,  whare 
the  secretion  pressure  cannot  be  raised  above  arterial  presaiiro, 
this  in  due  to  the  nature  of  thi?  miniiLe  anatoniital  structure,  as  a 
result  of  which  all  supply  of  fluid  ia  cut  off  from  the  seereEing  cells 

^  H  is  iraprob:ible  tbat  this  conditiau  «veriB  cornpletalj  realfHed  In  the  notion 
of  llvitig  cellc. 
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before  tbe  preaaure  in  tht  ductules  can  exceed  tluit  in  tLe  blood- 
vess-*Is.  and  ao  the  stoppage  of  secretion  is  ft  parelv  mecbanical  effect. 

The^  *iperinienls  prove  that,  although  A^reliort  under  QOnnal 
conditioTia  may  be  aidni  by  ftltxadoa^  ypt  the  procera  id  its  nature 
is  not  one  of  passive  filtration. 

That  it  is  not  passiTelr  dependent  upon  oomotic  preatfun^ 
is  Bkown  (I)  by  the  fact  that  the  total  oamotic  preseure  of  the 
seeretioD,  as  Bhown  by  depression  of  freezing-point,  is  in  many 
cases  greater  than  that  of  the  plasma ;  (2)  that  even  Ln  ca^es.  such, 
for  example,  as  tbe  sabva.  where  the  total  osmotic  pressure  is  leaa 
than  that  of  the  plasroa,  the  osmotic  preasnro  of  certain  con- 
Etitucnts  is  higher  than  their  presence  in  Uie  plasma — for  example, 
in  the  saliva,  the  pressure  of  dissolved  oarbon-dionde,  of  calciom 
&alta,  and  of  the  fiuJphocyanide  ;  (5)  that  neur  constitnenis  appear 
in  the  secretion  as  a  result  of  chomicaj  activity  in  the  cell  which 
ore  entirely  absent  in  the  pluma.  and  aie  not  aent  into  the  plasma,.! 
but  into  the  gland  d^ict,  br  means  of  cellular  activity  and  in  oppoA-' 
tion  to  the  operation  of  osmotic  energy ;  (-1)  the  alteration  in  many 
caaes  of  chemical  reaction  by  concentration  of  hydrogen  or  of 
tiydnixyl  ions  in  the  secretion  high  above  the  concentration  which 
they  poaseas  in  the  pUama,  may  be  quoted  aa  an  example  of 
cellular  activity  producing  an  effect  in  opposition  to  oamotio 
preasore. 

Now  it  ia  clear  that  while  the  sonm  of  energy  residing  in  the 
blood  pressure  might  sej^rate  a  secretion,  with  conc^nfralion 
powearong  any  value  up  to  that  of  the  same  dissolved  constituent 
in  tlie  plasma>  it  cannot  produce  a  concentration  in  even  a  sin^e 
con£titueDt  exceeding  the  value  of  the  concentration  of  that  eame 
constituent  in  th?  plasma*  and  certainly  cannot  produce  a  new 
constjtup-nt  not  present  in  the  plasma.  When  the  resulte  of 
experiment  are  taken  in  conjunction  witJi  this  statement,  it  is 
found  that  in  every  secretion  in  the  body  cellular  activity  mnat 
be  brought  into  action.  In  other  words,  the  s^reting  cell  must 
fumiah  energy  in  the  process  of  secretion,  and  this  not  only  holds 
obviously  for  the  new  constituents,  but  also  for  all  those  cn'staTllsed 
and  inoTgaiUc  constituents  whicli  are  found  in  the  secretion  at 
a  higher  concentration  than  in  the  plaama,  and  hence  possess 
more  onnotie  energy. 

Not  only  does  the  increase  in  concentration  of  cortam  con- 
stituents in  the  secretion  above  their  concentration  in  the  pta^ma 
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rule  out,  as  far  as  ttieae  oonfitituenta  ara  concerned,  the  operation 
of  filtration  and  oamOHia,  but  it  al»o  rul&«  out  an7  passive  view 
of  th<r  Hei^ret.ion  whateypr.  wbinli  Uoph  not  involve  work  done  hj 
the  cell  as  an  active  energy -transformer, 

//  tiny  single  subsUince  ia  ijtcrea^ed  in  concerUration  in  a  sccrdton 
o&ow  the  concentratiott  which  i£  -possesses  in  the  flasmtt,  then  such 
incTftise  wi  con/^enirntion  invoh'es  the  performance  of  tvork  o^oinst 
osmotic  jtressure,^  mul  tn  cwwc^uence  ^A^  expimd&itre  of  encrgjf  ht/ 
ike  secrding  cell,  and  tfie  secretion  of  such  substajic^  cartnot  he  explained 
h^  an^  t/ieoTi/  which  docs  not  take  into  ace^miit  the  work  of  the  ocU 
tu  an  ener^'trans  former. 

A  recognition  of  this  principle  would  have  saved  much  error 
in  not  recogmaing  the  limitationB  of  certaiTi  theories  wliich  have 
been  put  forward  in  explanation  of  absorption  and  secTetioQ  by 
the  cell. 

In  the  fiiBt  place  may  bo  mentioned  the  Bolective  absorption 
theory  of  Overton,  for  the  explanation  of  the  selective  uptake  by 
the  cell  of  different  ntne,  salts,  crystalloida,  and  Jintrient  matter,  and 
the  retention  of  cprtaln  aalts  or  iona  in  the  cell,  auch,  for  example, 
as  potaBsium  ealts,  in  praat^ir  concentration  than  in  thf  p]a.'^ma. 

Overton  supposes  that  there  exists,  encloaing  the  cell  or  separat- 
ing  off  in  some  manner  its  protoplasmic  constituents  from  the 
plasma,  a  thin  pnvelopf  or  layer  of  lipoitJ  Biilistances,  chiefly  lemthin, 
which  poMCMca  selective  permeabilitiea  for  diSerent  substauoeB 
and  ions  in  solution,  being  impermeable  entirely  for  some,  easily 
petraeable  for  others,  and  in  other  caaea  permeable  with  difficulty. 
This  lipoid  membrane  or  "plasma  hant"  is  supposed  in  this  way 
to  detemune  the  uptake  and  output  of  the  cell,  and  its  oamotro 
behaviour  with  regard  to  different  flubatancea,  and  baa  alao  been 
applied  in  explanation  of  the  toxicity  or  otherwise  of  different 
anhfltan(^ea  for  the  coll.  and  of  the  elTecta  of  anroatheticB. 

Taking  the  theory'  first  from  the  experimental  point  of  view, 
although  it  must  be  adniittetl  that  '^  lipoids ''  (if  by  this  term 
is  meant  merely  substances  soluble  in  ether)  are  present  in  all 
cells,  and  hcithin  in  all  of  those  in  which  it  has  been  experimentally 
sought,  although  often  only  in  small  traces ;  yet  it  has  never 
been  shown  experimentally  that  this  forms  a  separating  membrane 

1  'I'hia  does  not  inpAn  that  ttif  I'^smotrc  ^esbura  is  b&l;inced  or  cveroame  hj 
bjdTHUtto  pr«»ure  itj  tbo  cell,  but  ihut  oemoiio  or  Tolume  eocrgy^  muit  ba 
repl&Qcd  by  finergj  in  auotber  farm  bj  the  AgsDflj  of  (ho  cell-    (Sda  p.  Itil,) 
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between  plaaioa  and  cell  protoplasm,  us  baa  be«n  assumed  by 
Overton.  Further,  it  has  never  h<^n  showo  that  this  hypothetical 
PLeiubrane  po&Ksaes  for  difit^rent  ions  and  crystalloids  the  per- 
meabilities and  imp^nne&biiities  FLscribed  to  it. 

In  order  to  attempt  to  test  the  Overton  theory  with  regard 
to  salt  solutions,  the  writer  haa  prepared  a  leeithiD  membrane 
by  thoroughly  impregnating  a  membrane  of  parchment  paper 
wn'th  lecithin.  80  that  the  pores  of  the  paper  were  thoroughly  soaked 
with  the  lecithin,  and  there  waa  a  continuoua  layer  of  lecithin 
on  both  sides  oE  the  paper,  and  uaing  this  aa  a  membrane  betwedn 
aodiom  chloride  solution  and  water,  or  between  two  sodium  chloride 
solutions  of  different  strengths,  so  as  to  avoid  action  of  the  water 
upon  the  lecithin. 

According  to  Overton's  N-iew.  the  leathin  membrane,  like  the 
*?ell^  ought  to  be  impermeable  to  the  eodinm  chloride,  and  ia 
solutions  of  different  strength  an  osmotic  pressure  effect  ought 
to  have  been  obtainable  with  rtiicb  a  mpmbrane. 

It  was  found,  however,  when  the  membrane  wad  used  in  aq 
osmometer  (t)  that  no  osmotio  presfiure  whatever  developed  oa 
the  Bodium  <:hlcrid6  solution  side»  or  on  the  side  of  the  stronger 
solution,  and  (2)  that  sodium  chlnnda  did  pass  through  the 
membrane. 

Accordingly,  the  presence  of  a  lecithin  membrane,  even  were 
such  shown  experimentally  to  exist,  would  not  expi&in  the  osmotic 
phenomena  of  the  ceil  or  the  impermeability  of  the  cell  for  the 
sodium  ion. 

Taking  next  the  membrane  hypothesis  from  the  theoretical 
point  of  view,  the  following  argimients  may  be  urged,  which  apply 
not  only  to  the  lipoid  mcmbrano  but  to  any  other  conceivable 
membrane  by  which  an  attempt  may  be  mode  to  explain  upon 
such  a  passive  basia  the  active  work  of  the  rell  in  maintaining 
a  different  composition  and  concentration  of  the  crystalloids  and 
ions  nithin  it  to  that  which  obtains  in  the  medium  in  which  the 
cell  lives.  It  ia  on  account  of  thia  general  applicBbilit^'  against 
an  explanation  by  any  passive  membrane  theory  that  the  argu- 
ments are  here  given  at  length. 

Take,  first  of  all,  the  position  that  the  cella  are  entirely  im- 
pernicable  to  certain  ions  (and  to  other  non-dissociated  organic 
crystalloids),  and  that  it  is  on  account  ol  such  perfect  impermea- 
biJitv  that  these  are  found  only  within  or  only  without  the  cell,. 
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iu  aucli  very  difierent  mid  fixed  concenbratioiiA  vntHn  and 
vitliout  the  celJ,    For  example,  that  pot^iaaiuiu  salts  are  fotmd 
in  the  cell  in  exceee^  and  sodium  salts  in  the  plasma  in  excess^  and 
that  this  is  due  to  a  membrane  refusing  passage  entirr^lv  to  Bodium 
and   prita8i>iLum   ions.     Then   this  excludeif   all   exchange   of   such 
lOiiH  betwepn  cells  and  plasma,  and  theri^  is  neitht^r  any  explaaa- 
ion  on  ancb  a  hasia  of  how  the  present  state  of  afiairs  with  such 
an  unt^qual  distribution  of  pota^ium  and   aodium   iona  occurred 
in  the  £rst  instance   when  the  cells  were  formed   and  growing ; 
nor  any  explajiadon  of  how  more  potassium  icn  is  taken  in  and 
sodium  ion  excluded  when  cell  division  takes  place  and  new  cell* 
,re  growing  and  causing  increased  volume  of  cellular  tiasne  without 
y  drop  in  potaasium  ion  concentrotion.     The  explanation  on 
the  ground   of  complete  impermeability  can  obviously  only  hold 
8o  long  aa  the  rell  h  in  complete  equilibrium  with  the  pla«ma  as 
regards  the  inner  and  outer  level  in  potassium  and  sodium  aalla. 
ut  there  is  no  explanation  whatever  of  how  that  equilibrium 
attained    initially,    nor    how    it   is    maintaiued    when    the 
■11  volume  increases  aa  cell  multjphcation  occurs.    Are  we  to  sup* 
that  the  original  furtiliseJ  ovum  cimtaLned  all  the  jjotassium 
its    of  the   adult  organism  ?     Obviously  such  a  concltision  is 
kbaurd,   and    it  must    be  admitted    that  the  cells   must    have 
'ftt  some  time  taken  up  potassium  and  continued  to  reject  sodium 
ions. 
^H      Id  fact,  it  is  quite  clear  that  so  far  from  l>ei[Lg  impermeable 
^Bo  potassium  ions,  up  to  the  period  at  which  the  cell  attained  its 
^Baoximnm  satutation,  it  must  have  greedily  t>aken  up  pota^ium 
^BonSf   from  an  exceedingly  low   concentiation   in   the  plasma*   by 
^■la  fKtiv^  process  of  selective  absorption  against  osmotic  pressure  ^ 
and  with  comMponding  expenditure  of  energy  by  the  cell,  in  the 
same  fashion  as  a  diatom  concentrates  the  aiUca  for  its  skeleton 
^_irozn  the  trace  present  in  sea-water,  or  as  the  hone-forming  cells 
^Bake  up  the  calcitmi  salts  from  the  circulating  plasma.     Once 
tliG  cell  has  attained  its  normal  level  of  potassium  ion  concentra- 
tion this  action  ceoj^ee  and  equilibrium  is  attatneJ  ;    hut  this  con- 
dition is  preserved  only  so  long  as  the  cell  ia  resting  in  siz;e.    There 
is  no  evidence  that  there  is  an  impermeable  membrane  formed, 
or  tliat  the  cell  is  really  impermeable  to  potassium  salts,  because 
t  not  give  them  out  or  take  them  up  any  more  in  apprcci- 


^  Seo  footaots  on  p,  I  IS,  and  «bo  p.  164. 
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ftble  qnantity ;  all  this  mean*  is,  that  there  ia  a  balance  being  main- 
tained depent^eDt  upon  tlte  nature  and  a<:tive  properties  i>[  the 
particular  cell  protoplaBm  involvedH  When  auch  a  cell  is  immersed 
in  a  solution  of  a  potassium  salt  it  takes  practically  none  up, 
because  it  has  already  attained  its  balance  in  potassium  tons, 
and  adwly  preserves  tliis.  Did  it  behave  as  an  inert  membrane, 
as  when  h  ie  killed,  it  would  take  up  more  potassium  ions  in  a 
strong  solution  ;  but  the  living  cell  dees  not  do  ao  to  any  appreci- 
able extent ;  it  actively  preaervca  itaelf  against  osmotio  invasion. 
On  the  otber  band^  when  auch  a  cell  ia  placed  in  a  solution  not 
containing  potii.at;ium  aaltit,  Buch  as  a  aolutinn  of  Kodium  chloride, 
it  does  not  part  with  ita  pota^iiim  aalta  in  appreciable  amoimb; 
but  this  need  not  be  because  it  is  surrounded  hj  a  membrana 
impermeable  to  potassium  ions  but  because  it  actively  retains  ita 
potaflsium  iona  on  account  of  that  affinity  or  activity  by  which 
it  originally  look  them  up  when  they  were  present  in  traces  only 
in  tbfl  plasma. 

Thus  the  balance  of  concentration  for  each  individual  ion 
and  salt  and  dissolved  substance  within  and  without  the  cell  ia 
maintained,  and  readjusted  when  it  changes,  not  by  means  of 
any  hypothetical  inert  impasaable  membrane  stopping  any  reaction 
between  the  will  contents  and  the  constituents  in  solution  within 
and  without,  but  by  the  play  of  the  cell^a  activities  upon  tha 
medium  in  which  it  lives. 

This,  it  may  be  remarked,  is  not  theory  but  experimental  fact; 
we  see  that  the  growing  cell  tal;es  up  certain  definite  constituenta 
from  the  medium  and  rejects  others,  that  the  constituenta  taken 
np  are  often  taken  up  in  opposition  bo  osmotic  presaure,  and  hence 
only  poaaible  by  the  espenditurc  of  energy  by  the  cell.  Why^ 
then,  when  the  cell  cornea  into  a  position  of  labile  equilibrium  with 
its  medium  should  the  basis  of  pxplanation  be  changed,  and  it 
be  supposed  that  instead  of  those  forms  of  energy  which  brought 
the  cell  to  that  stated  being  still  active  iu  maintaining  it  in  that 
etate^  the  mechanism  o£  a  hypothetical  membrane  or  pormeabihty 
be  invoked  i 

The  condition  is  analogous  to  that  of  a  chemical  reaction  which 
has  rome  into  e*iuilibrium ;  here  we  do  not  suppuae  tbat  tbe  reaction 
is  frozen  rigid,  so  to  speak*  at  the  equihbrium  point,  or  that 
membranes  of  an  impermeable  type  are  formed  around  tbe  mole- 
cules which  keep  them  from  reacting.    No,  the  reaction  is  pre- 
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Bcrved  hy  the  balance  oi  oppoaiug  factors,  reactions  still  occur 
between  the  molecoJes,  but  tbeae  are  equal  and  oppoBit«- 

So  alao  in  tlia  case  oi  the  living  cell  in  eqiiilibiium,  the  case 
is  not  tlmt  o(  an  impenetrable  membrane  tbrough  which  aTi  ion 
of  iKitasaium  or  sodium  never  paasfls,  but  a  labile  equibbrium 
with  both  pi^taaaium  aod  aodium  iona  paoeing  in  and  out  all  tbe 
time,  but  the  numbers  passing  in  and  out  arc  equab  bo  that  the 
concentrations  are  preacrvod  unaltered. 

That  this  is  the  true  state  of  affairs  there  la  abundant  experi- 
mental proof.  For  let  the  resting  cell  divide,  and  the  two 
dai^ter  ceils  comineuce  to  ^row,  then  the  supposed  impermeable 
membrane  for  potassium  ions  quits  the  scene  of  action,  and  the 
growing  cell  readily  takcfi  up  potassium  ions. 

Further  proof  of  the  exiatenee  of  a  labile  balance  of  equilibrium 
is  seen  in  the  phyuiological  behaviour  of  the  cell  when  the  appro- 
priate ions  are  absent  from  its  circulatJng  ftuida. 

As  we  have  seen  in  the  preceding  chapter  in  describing  the 
eHectd  of  inorganio  salts  upon  living  cells,  in  order  that  the 
phyeiological  properties  of  tissues  may  be  maintained  in  a  normal 
condition,  it  is  neeess&ry  that  normal  amounts  of  diiferent  ions 
shall  be  preaent  in  the  circulating  medium.  Thua  the  normal 
heart'beat  cannot  be  retained  unleaa  a  certain  definite  low  con- 
centration of  pot-ASHimi  ion  is  maintained  in  the  perfusing  fluid. 
What  explanation  oi  this  can  be  given  on  the  basis  that  the  active 
cells  are  impermeable  to  potassium  ions  1  If  the  cells  of  the  heart 
muscle  are  impermeable  to  potassium  ions,  how  can  the  presence, 
or  absence,  or  variation  in  concentration,  of  such  ions  in  the 
circidating  Quid  aflect  the  phymologic-al  activity  of  th.e  cells? 
Obviously  the  cells  ure  permeable  to  the  potassium  ions  and  in 
both  directions  ;  for  when  there  is  no  potassium  ion  in  the  circu- 
lating fluid,  the  balance,  for  potassium  ion  between  circulating 
fluid  and  cell  contents,  becomes  upset  and  corresponding  to  the 
low  pressure  in  potassium  ion  in  the  circulating  fluid,  potassium 
ion  must  be  given  out  by  the  cefl  until  a  new  cqoihbrium  is  reached. 
On  the  other  hand^  if  potassium  ion  \a  present  in  the  circulating 
fluid  at  the  proper  concentration  to  correspond  to  and  balance 
the  ccnicentTation  In  the  cell,  then  eicharge  will  be  e<jual,  the 
concentration  of  potassium  ion  in  the  cell  will  not  change,  and 
the  cell  will  preserve  its  normal  activities.  FLnallj.  if  the  con- 
centration of  the  potassium  ion  in  the  circulating  fluid  be  greater 
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than  that  required  to  balance  the  concentration  within  the  cell, 
then  more  potaaaluni  jor  mu3t  enter  the  cell  than  Icflvoa  it,  and 
tb«  effect  becomes  evident  in  a.  change  in  the  action  of  the  cell. 

But  how,  it  may  be  asked^  ia  sueh  a,  statement  to  be  correlated 
with  that  upon  whirh  tfie  supposed  impermeability  oi  the  cell 
for  potaasiuiQ  ions  ia  based,  with  the  fact,  namelvH  that  the  cell 
tlocjj  not  appeor,  as  fac  aa  chemical  iuveBtigntiona  go.  to  take  up, 
ior  ejcample,  potaaeiuin  ion  from  a  salution  of  a  potassium  salt 
in  which  it  is  immerfled  1  The  correlation  of  the  two  sets  of 
pTiperimejilal  fairta  in  not,  howeverj  a  difficult  task.  The  explaurt' 
tion  lies  in  the  fact  tliat  the  cell  jmsrwsaea  different  affinities  for 
the  different  ions  and  other  dissolved  constituents  of  ita  circulating 
fluids,  so  that  at  the  equilibrium  point  for  normal  conditions,  the 
coneentrationa  for  each  constituent  within  and  without  the  cell 
are  never  equal  but  bear  a  definite  ratio  to  each  other,  and  further 
that  these  constitjents  enter  into  mistahle  physical  or  chemical 
relations  with  the  protoplasm,  so  that  there  is  a  more  or  lesa 
definite  mimmal  concentration  for  each  constituent  ion  or  dis- 
solved substance  in  the  plasma,  which  mi^ht  be  termed  the 
*^ diaeociation  pressure  or  concentration"  for  that  particular  ion 
or  flubataiLce  at  which  the  protopksm  becomes  combined  with 
it.  There  ia  an  uriatahle  chemical  or  physical  combioation  formed 
between  the  protoplasm  and  eath  of  the  active  constituents  of 
the  plasma,  the  existence  o£  which  ciependa  u])on  the  osmotic 
pressure  or  concentration  of  the  particular  constituent  in  the 
plasma ;  just  as  the  existence  of  the  compound  OTcy-hremoglobin 
in  the  red  blood -corpuscles  depends  upon  tfie  partial  osmotic 
preaaure  of  oxygen  in  the  plasma. 

Just  as  in  the  ease  of  osy-hEemoglobin  but  little  oxygen  is 
givea  off  until  the  pressure  of  ox^'gen  in  the  plasma  has  fallen 
to  the  level  of  commencing  dissociation  of  oxy- haemoglobin,  ao 
in  the  case  of  the  tissue  cells  in  general  hut  little  potassium  icn  is 
g^ven  off  until  the  osmotic  prcsauie  Cff  that  iou  has  fallen  in  the 
plaama  below  a  certain  hniit,  when  the  range  of  disaociation  of 
pctaesiurn  ion  commences,'  Accordingly  it  is  only  at  this  limit 
that  the  change  in  physiological  action  of  the  cell  due  to  diminu- 
tion of    potassium  ionic  pressure  in   the  plasma  begins  to  become 

rtmtion  ol  potuaBmin  ion  in  Ringcr'a  noluticm  lite  ebovo  LliJa 
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On  the  other  hand,  with  mcreaaing  oAmotic  pressure  of  oxygen 
in  the  plaama  above  the  point  at  which  oxy- haemoglobin  has  been 
completely  fonned,  there  is  but  little  further  uptake  of  oxygen 
by  the  red  blood- corpuBcle ;  and  similarly  in  the  case  of  the 
potaaeinin  ion,  or  any  other  active  ion,  in  the  plasmA  above  the 
Goncentr&tion  at  which  the  protoplasm  of  the  tissue  cell  has  been 
aaturated,  the  uptake  of  potassium  ion  by  the  cell  will  be  small 
and  inappreciable  to  chemical  investigation,  so  that  even  in  an 
isotonic  or  somewhat  hypertonic  solution  of  potamum  waJt  aJ^iif 
the  amount  of  potassium  ion  taken  up  by  the  cell  will  not  be 
appreciably  greater  to  ordinary  chemical  analysis  than  that  taken 
up  from  normal  plasma  where  the  osmotic  pressure  of  potassium 
ion  is  many  times  lower,  but  still  sufficiently  high  to  cause  almost 
complete  association  between  the  protoplasm  and  the  potassium 
ion.  Although  the  difference  in  uptake  of  either  oxygen  or 
potassium  ion  is  so  small  aa  to  escape  chemical  determination, 
it  may,  however,  produce  in  both  cases  profound  physiological 
effects,  probablv  from  the  rapid  increase  in  osmotic  pressure  of 
the  constituent  concerned  in  the  cell  after  the  saturation  point 
has  been  passed^  Thus,  although  at  two  atmospheres  of  oxygen 
pressure  the  amount  of  oxygen  dissolved  in  corpuscles,  plaama, 
and  tissue  cells  is  not  ven'  appreciably  higher  than  when  the 
oxygen  pressure  is  about  100  mm.,  yet  the  activities  of  the  cells 
become  affected  and  the  animal  dies  in  convulsions.  So  although 
the  uptake  of  potassium  ion  by  the  cell  may  not  be  appreciably 
affected  quantitatively  when  the  concentration  in  the  plasma 
is  increased  compared  to  the  uptake  at  a  lower  concentration, 
yet  the  physiological  action  of  the  small  additional  amount  upon 
the  cell  mav  be  enornious- 

It  must  be  remembered  that  just  as  in  the  case  of  oxy- 
hi'moglobin  there  is  no  absolutely  definite  pressure  which  can  be 
spoken  of  as  the  dissociation  jfoiy\X^  but  rather  a  short  range  of 
pressure,  during  which  association  of  the  oxygen  and  hemoglobin 
occurs,  so  in  the  case  of  other  dissolved  constituents  (ions,  organic 
crystalloids,  and  an  i  sthetics)  and  the  tissue  cells,  there  will 
not  be  a  sharp  point,  but  a  range  of  association  n-ith  increasing 
pressure,  and  the  curve  of  osmotic  pressure  and  association  will 
also  vary  with  each  dissolved  constituent  and  each  tvpe  of  tissue 
cell. 

In  the  cas^  of  every  active  drug,  and  every  a*  titueut 
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of  th«  ple^maf  some  guoIl  aasooiation  must  ocour  as  t^e  pre&suie 
of  guch  conatituent  iu  the  plasma  rises,  and  diiaociation  (with 
recovery  in  the  ca.se  of  a.  dnig)  take,  pkc^  us  th<?  pressure  fn-llft. 
No  drug  or  otLcr  eubdtance  can  be  acLivQ  unless  it  either  enters 
the  ci5l],  and  forms  some  combination  with  the  protoplasm,  or 
clao  prcvoQtu  in  some  manner  aeaociation  and  diasociatioii  of  a 
like  type  in  the  case  of  some  othei'  importaut  conatitueiit  necessary 
to  normaJ  protoplasmic  activity. 

The  action  of  liifftrent  dnigSn  their  rapidity  of  action  and  thftir 
dosage,  will  depeud  on  the  natorc  and  ejctent  of  the  association 
between  them  and  the  oell  protoplasm.  If  the  flftturation  point 
of  the  drug  and  protcplagja  is  attained  at  a  Iqsv  pressure  aad  with 
a  low  amount  of  drug,  then  the  amount  of  the  drug  necessary 
to  produce  the  full  effect  will  he  sms\],  and  in  all  probability  the 
cell  will  take  up  but  little  of  the  drug,  so  that  to  clienucai  analysis 
the  uptake  may  appear  to  be  zqvo,  and  yet  physiological  methods 
oi  examination  may  show  that  the  efioet  is  very  profound. 

For  example,  in  the  case  of  salts  of  iroo»  the  saturation  pressure 
must  be  excessively  low,  and  a  proteid  substance  fully  combined 
with  irou  coiitams  but  a  very  low  percentage  of  Iron^  hence  the 
phymological  eSect  of  iron  may  be  very  large,  although  the  uptake 
b  iniinitt'simal^  and  the  time  required  for  uptake  ia  large^  Thua, 
in  an  mdivJdual  weighing,  say,  CO  kilograms,  the  weight  of 
blood  would  be  approsdmately  4  kilos,  that  of  hrcmoglohin 
about  500  gmi.,  and  in  this  the  iron  would  be  alicut  04  per 
cent.,  or  2  gnu.  Therefore  in  a  course  of  irou  treatment  lasting 
over  some  weeks  the  amount  of  iron  occoasary  to  be  taken  up  in 
order  to  produce  a  marked  ^flect  would  be  go  small  as  to  be 
entirely  beyond  the  bounds  of  determination  under  the  conditions 
of  experiment. 

Nor  does  the  view  of  varying  permeability  of  the  cell  to  differ- 
eut  dissolved  substances,  of  high  permeability  for  some  and  low 
permeabdity  for  others,  give  any  better  solution  bo  the  real  problema 
of  eecretion  and  ab&orption  than  that  of  complete  impermeability. 
For  the  simple  reason  that  variations  in  permeability  form  a  passive 
factor  like  the  variation  of  a  resii^tance,  and  hence  can  at  moat 
alter  the  time  relations  of  the  process,  and  uot  the  end  results, 
and  so  there  can  on  such  a  basis  b&  no  explanation  of  the  fact  that 
work  is  done  by  the  secreting  cell  in  the  process*  as  when  a  con- 
stituent dissolved  substance  is  secreted  at  higher  concentration 
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^fjbecome 

'  M  ^B  *«  r>^  %+ V  ^  J 


and  pressure  th&D  la  the  plasnm.    Thus  if  a  c«IL  is  imm<>r^  in 

A  fluid  containing  but  given  conHtituent  in  solution,  it  will,  if  it 
'fi  any  dt^gren  of  permrtability  whatever  for  that  rroiiatituent, 
me  ultimately  aaturfLted  to  the  equilibrium  point  with  the 
constituent,  and  the  point  of  oqjuihbriuiD  will  not  vary  with  the 
pormeahility,  the  only  thing  which  will  vary  with  the  penceabiUty 
will  be  the  time  in  which  equilibrium  U  attained.  In  considering 
Uie  elTecU  of  change  in  ptrnieahillly  upon  the  time  relationships 
oi  absorption  and  secretion,  the  factors  to  be  borne  in  mind  are 
the  tlucknesa  of  the  layer  through  which  difluaion  haa  to  occur, 
the  difference  in  concentration  of  the  diffuj^ing  dieaolved  snbHtanoe 
or  ion  at  the  two  surfacea  bounding  the  layer  through  which 
diffusion  is  taking  place,  and  the  co^f^cient  of  diffusion  For  the 
particular  aubatance  through  the  layer.  The  rate  o{  di^uaioui 
regarded  as  a  purely  physical  process  unaided  by  the  cellular 
'•otivity  (and  dependent  only  upon  the  difference  in  osmotic 
pressure  at  the  two  sides  of  the  layer  or  membrane,  the  thickness 
and  the  coefficient  of  permeabihtv  or  diffusion),  may  he  said  to 
be  directly  propcrtional  to  the  difference  in  osmotic  pressure  and 
to  the  coefficient  of  permeability^  and  inversely  proportional  bo 
the  thtckncsB  of  the  layer  or  membrane,  that  is,  the  length  of  the 
ftbsorbiug  or  secreting  cell.  Hence  diffusion  can  only  occur  so 
long  aa  there  is  a.  fall  in  osmotic  pressure  in  the  direction  in  which 
diffusi^)n  is  taking  place  :  when  the  two  pressures  become  equal 
diffusion  must  stop,  and  if  by  any  chance  the  pressure  became 
greater  in  the  direction  in  which  difTusion  bad  been  taking  place, 
then  the  purely  phTaica!  process  of  diUuaion  would  carry  out  or 
tend  to  carry  out  the  process  in  the  opposite  direction.  Accordingly 
any  separation  of  a  constituent  at  a  higher  osmotic  pressure  must 
be  carried  out  s.gaiDBt  dlllu^on,  with  increase  in  osmotic  energy, 
and  heaping  up  of  difference  in  osmotic  pressure  or  increase  in 
the  potential  factor  of  oamotic  energy. 

It  iBf  then,  only  when  the  concentration  of  a  substance^  either 
secreted  or  passing  through  as  an  ahsorpticn  product  to  the  other 
side  of  the  active  cell,  is  dimiTiished  that  difiusion  due  to  osmotic 
pressure  can  l*e  regarded  as  a  factor  in  the  proceaSjftnd  it  is  hero  only 
that  we  have  to  consider  the  possible  effects  of  changes  in  the  per- 
meabihty  of  the  cell.  If  the  accreted  or  abaorhed  product  is  carried 
rapidly  away  from  the  other  aide  of  the  cell  after  having  passed 
through,  ao  that  it  does  not  tend  to  approach  in  concentration,  as  a 
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result  of  Htagnation,  that  concentration  it  posnesses  in  the  fluid  from 
wbtrb  aetrL'tiun  or  aljaorptioo  ia  occurring,  then  the  rapidity  of  Becrt?- 
tion  or  flbaorption  of  the  eubatance  will  be  greater  the  thinner  the 
eeoretin^  or  abaorbing  cell  and  the  higher  its  coofiioient  of  per- 
meability. Ill  other  words,  accordingly,  as  the  cell  growa  thinnor 
and  more  permeable,  the  more  nearly  will  the  secretion  apprnach 
in  concentration  of  its  constitiienta  to  the  flnJd  from  which  the 
Becretion  has  been  formed. 

la  30  far  as  the  cell  has  a  lower  permeability  than  the  plasma 
or  lymph,  it  will  form  n  restatance  of  varying  amount  upon  the 
rate  of  secretion,  and  in  so  far  aa  the  cell  hAa  a  greater  permeability 
tliari  Lln*j*e  fluids  it  will  foim  a  lesa  reaistanee  than  a  layer  oi  equal 
thio'<nefts  of  thpse  fluids,  and  to  this  extent  the  increased  per- 
meability will  aid  the  rate  of  secretion.  But  it  muat  clearly  be 
pointed  out  that  change  in  permeability  can  only  act  as  a  variation 
Iq  resistance,  and  hence  the  concontmtion  can  never  be  increased, 
nor  the  dissolved  substance?  be  ejqiedited  through  the  cell  at  a 
gr4?ater  rate  than  if  the  cell  did  not  exist  on  tlie  path,  that  is,  than 
if  the  resistance  for  the  It-ugtli  of  the  cell  were  lero — in  other  words, 
08  far  aa  diffusion  ia  concerned  the  cell  can  have  no  positive  effect, 
such  aa  is  Been  for  flome  eonfltituent  or  other  in  every  excretion. 

Further,  it  may  he  pointed  out  that  the  extent  of  the  secreting 
or  abaorbing  aurfa^^  is  in  all  naaps  no  large^  and  the  thlclfneas  of 
the  layer  so  small,  amounting  to  the  loEigth  of  a  single  cell,  that 
increase  in  permeability  abovG  the  value  for  a  layer  of  lymph  or 
plasma  of  equal  thickness  can  possess  but  a  very  secondary  value 
in  determining  rate  of  secretion  or  absorption.  If  we  imagine 
the  \ay^i  of  secreting  or  absorbing  cells  spread  out  so  as  to  form 
a  huge  plane  latuiua,  the  tlucknci^s  of  which  18  that  of  a  Hingle 
secreting  cell,  and  the  area  of  the  side  that  of  the  total  secreting 
area  of  cells,  and  that  this  lamina  forma  a  membrane  between 
lymph  upon  the  one  side  and  secretioo  upon  the  other.  Then 
if  this  lamina  were  supposed  to  have  the  same  resistance  to  diffusion 
through  it  as  a  lamina  of  lymph  of  eqiiiil  thh^lcfiee8.  such  resistance 
would  be  excessively  low,  and  with  a  rapid  removal  of  fluid 
from  the  secretion  side  the  concentiatiDn  of  each  constituent 
upon  the  secretion  side  woidd  be  practically  the  aamo  as  upon 
the  lymph  aide  of  the  lamina.  Hence  the  supposition  of  a  hJRher 
permeability  or  aolective  permeability  of  the  secreting  cell  above 
that  of  the  lymph  (or  water)  can  have  but  an  infiniteaimal  effect, 
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stnce  it  caonot  mcreafie,  ha  we  liave  seen,  the  coacentration  above 
the  value  in  th&  lymph,  and  if  it  had  the  value  of  the  lymph  (or 
water)  in  pormeabihty,  the  conuentratioofl  vrould.  he  practieally 
th?  same.  It  i^  when  the  permeability  chungea  in  the  opposite 
(lirecliotiH  and  the  degrfte  of  pemieabibty  of  tbfl  secreting  or  abAr)rb- 
ing  cell  becomes  progre&aively  le^a  and  less  than  that  oi  a  layer 
of  lymph  or  water  of  eqiifll  thiclniesa,  that  the  only  and  indeed 
an  important  eflect  of  cell  penneabUitv  beeooies  obvioufl,  in  slowing^ 
nevijr  in  hasteniopT  the  rate  of  secretion  of  constituonta.  Fcr  aB 
the  permeability  cf  our  imaginary  secreting  or  absorbing  lamina 
to  any  coriatiluent  becomes  less  and  less,  its  resistant:^  to  the 
patwige  of  that  i^oru^tituenb  becomes  greater  and  greater,  and  the 
concentration  of  the  constituent  in  the  secretion  or  absorbed  lluid 
less  and  less,  until  in  the  limit  none  may  pass  through  at  all. 

It  \s  in  such  a  resisting  action  that  the  value  of  differences  in 
permeability  comes  in,  by  causing  the  retention  of  i<ubHtarices 
m  the  lymph,  and  not  in  a  Mgh  degree  of  permealjibty  causing 
increased  rate  of  passage,  and  increased  concentration  of  aub- 
fitafioes  in  accretion.  Examples  Etre  the  retention  of  the  plasma 
proleida  in  the  glomerular  secretion  or  filtration^  and  the  pre- 
vention of  ingress  of  poisonona  subatantM^s  in  many  canfts  to  (the 
tisaue  cells.  But  the  greater  concentration  of  substances  and  ions  in 
the  secretiona  cannot  be  explained  by  the  apphcation  of  the  principle 
of  altered  permeability.  Diffusion  and  permcabibty  can  accord- 
ingly explain  the  passage  of  such  substances  as  are  already  con- 
mined  in  the  plasma  up  to  the  concentrations  at  which  they  are 
contained  in  the  [ilaJ^iniL,  but  furnish  no  inean;^  for  obtaining  sub- 
stances  not  prej^ent  in  the  plasma,  or  for  concentrating  cryatalloida 
or  iond  in  solution  to  osmotic  pressure  higher  than  in  the  plasma. 
Tlie  latter  effects,  which  are  universal  in  processes  oi  secretion  and 
absorption,  can  only  be  obtained  from  expenditure  of  energy  by 
the  celL 

An  attempt  has  recently  been  made  by  Overton  and  Meyer 
and  by  Friedcntkal  to  explain  the  secretion  and  absorption  of 
aubatancea  by  the  cell  on  the  basis  of  varying  solvent  powers  of 
the  cell  or  certain  of  itfi  constituenta  for  auch  substances. 

Thus  Overton  would  explain  the  effects  of  anrostheUcs  aa  arising 
from  the  liigh  unluhility  of  the  antesthetic  in  the  lipuids  or  lecithin 
of  the  cell,  and  also  the  absorption  or  nou-absorption  of  other 
tmbatancea  by  the  cell  as  dependent  upon  whether  they  dissolve 
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or  not  in  tlie  lipoid  membrane,  and  heJice  ear  obtain  inm-esa  to 
the  (rell  The  author  does  not  state  in  the  case  of  the  aniesthetioB 
whether  tlie  antiiiti  \n  to  he  aacribet]  to  the  physical  action  upon 
the  lipoids  themselvea,  or  whether  it  ia  due  to  a  passage  through 
the  lipoids  afterwards  to  the  cell  protoplasms 

Fhcdenthal  hafi  evolved  a  similar  theory  Eor  the  abaorption 
of  fats  in  the  inteatine,  which  he  aseribe^  to  the  high  flolubility 
of  the  fats  in  the  protoplasm  of  the  abHOrbJng  cells.  The  theory 
18  also  exttndrtd  to  other  aubHtancea  taken  tip  in  solution  fur 
absorption  or  8ecretion>  ao  that  theae  piocessea  are  placed  in 
dependence  upon  the  peculiar  and  acleetiyo  properties  of  the  cell 
as  a  eolvent- 

The  two  tbeoriea  of  the  lipoid  membrane  acting  as  a  selectivfi 
solvent  and  of  the  cell  protoplasm  playing  a  similar  nMe  may  be 
taken  together,  aa  the  same  arguments  apply  to  both  views. 

Neither  of  these  theories  fumiah  any  baeia  of  explanation  of 
how  enerpfy  is  expended  in  concentrating  any  Gccreted  or  absorbed 
substance.  For  the  fact  that  a  substance,  such  as  the  hpoida 
or  cell  protoplasm,  is  b  good  solvent  for  a  given  constituent  does 
not  give  any  power  to  the  solvent  to  pass  that  substance  through 
the  cell  in  niore  concentrated  solution,  or  indeed  to  alter  the  cou' 
centration  of  the  diaaolved  substance  anywhere  save  in  the  solvent' 
iisclf.  Further,  increaaed  concentration  in  the  solvent  haa  no 
effect  whatever  upon  rate  of  passage  of  the  sub^tanee  through 
the  iKilvent  or  tlirough  the  Cnell.  and  will  indeed  delay  passage 
through  the  cell  until  the  lipoid  or  cell  protoplasni  has  become 
saturated  with  the  dissolved  aubatance,  and  after  that  will  behave 
in  an  inert  manner,  without  any  oSect  cither  upon  uptake  of  dis- 
solved substance^  rate  of  passage  of  dissolved  substance  through 
thi;  cell,  or  output  of  dissolved  substance  at  the  other  side. 

In  the  statement  of  the  two  theories  there  is  a  complete  con- 
fusion of  aolubiUty  and  permeability,  which  are  quite  distinct 
proccaaea, 

The  matter  may  perhaps  be  most  easily  made  clear  by  means 
of  a  diagram^ 


Suppose  we  have  a  sphere  of  fluid  C.  wnrrcimrlad  by  a  continuoua 
layer  of  a  dilTerent  fluid  B,  and  immoracd  in  a  vessel  containing 
jt  ([uitritity  of  tluid  A,  and  that  A  contaitis  a  suhsiAnee  x  in  i^ohitinu. 
'Urther,  tbrkt  the  aubfltunce  is  ali^o  soluble  in  the  Bui<ts   D  and   0, 
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And  thftt  the  ooefficii«Qt  oF  diatnTibution  of  tko  BiibBbftnee  x  is  Piich 
between  the  thri'^  tluiir^,  that  tliE^  cnitcf^ntrfltionfl  of  fix  Ui  B  n-nd 
ol  yx  m  C  cotreBpond  to  the  coi^ceiiU'^bioa  ok  in  A^  6o  that  there 
u  equilibrium  when  the  ratio  of  con  centra  tions  is  itx:^x:yx  in 
the  three  Suids  A,  B,  nnd  0,  Now  if  itb  the  CDanaenceaicnt  there 
is  none  of  X  in  B  or  C  but  x  is  proaent  in  A,  diUusion  into 
D  will  takb  jrluce,  and  us  bouu 
un  the  ooDcentration  of  x  in  B 
(NimDiences  to  risa  there  wiU  be 
diff  11:1  ion  From  B  tata  C,  Aleo, 
the  higher  the  value  of  the 
rfctio  [i:a,  the  more  ru-piJ,  other 
thiag^  heiug  e<[UB.l,  wi]]  be  the 
r^to  of  eutrj  of  x  into  B;  but  if 
fi  be  increased  so  as  to  increase 
the  rjLtiu  p-^a,  the  rutjo  of  y\/i 
which  determines  the  rato  of  out-  Tiq.  i 

put  into  C  will  be  correspuudiugly 

dirnininfipd,  iLtid  honOQ  the  rote  of  pueange  fi'om  A  to  C!  is  entirely 
imk'pendent  of  the  Holnbility  in  B,  H.ni)  ilept^udh  ordy  upon  tLa 
rate  of  ti-rtnsiiiieeion  or  diffusion  tJirou^h  B.^  Alao  the  £nal  con- 
difcion  of  equQibrium  t&  independaut  of  the  flolnbility  in  B^  for 
A  aud  C  are  each  in  equilibrium  with  B.  and  hence  are  in  equilibrium 
with  cno  Qnotherf  so  thr^t  when  the  final  tioncentrntiona  are  attained 
the  mtiu  of  {ruitcentntidu;^  iu  A  and  C  musb  be  the  sume  aa  if  B 
were  left  Dut  and  A  und  C  had  bo<ju  ^Laeod  in  aontact  and  ajlowed 
to  come  into  cquilihriiini.  The  only  fiiottir  uhidi  alTectA  the  result 
Apart  From  ei:|uiLibriiim  iei  the  rato  of  difTuuio]]  of  the  substance  x 
through  the  Ijiyer  B,  and  thiF%  may  not  bear  any  conRtimt  relationHhip 
to  tho  solubility  of  x  in  B.  IF  the  i^oluhlUty  in  B  is  very  low, 
BO  fllfio  in  ftll  probability  will  be  the  rate  of  ditTuHion  through  B; 
but  here,  a?i  pointed  out  abuve,  the  extreme  LhluueaB  of  the  layer  B, 
in  tho  ca^e  ef  the  cell  or  auy  cell  membrane,  and  the  extent  oE 
Rurfare,  renders  any  aiith  factor  in  most  cnsea  of  but  Hti:oiidary 
Importance.  Certainly,  however^  eolubility  in  Bi^  not  the  determining 
foiotor  with  regard  to  the  distribution  of  the  subBbince  incept  in  B 
iMf,  and  in  no  cobb  can  a  hi^h  Bohibility  in  B  iebBrmino  a  higher 
eoticentratiun  in  C  than  is  given  by  the  coefficient  of  diaU-ibution 
between  A  and  0. 


• 


i  Tho  KibLter  ruAy  bLsd  be  put  thoa— the  nte  oi  «ola(.lCD  from  A  irttc  3  li 
KlTflnbj  4,^,  that  of  aolatioti  from  B  into  Cbj  *i|,  tharefore  ihftt  frgm  A  into 

Cifl  given  by  ii^,*fl^.  orK^. 
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We  see,  therefore,  thet  a  high  solubility  of  any  dissolved  Hub- 
pt&ucp  in  a  8U])])0SRd  lipoid  riiombrarip  or  in  the  c*-!!  protoplasm, 
will  cause  a  correapoudiiig  aocuinidation  of  that  subsUnce  ia 
the  lipoid  membrane  or  iji  the  cell  protoplaam,  but  cannot  act 
tta  an  oni^nc  or  cncrgj'  producer  for  aending  the  subfltance  through 
the  cell  aa  a  secretion  or  an  ahsoibed  protluct. 

The  BpbRtance  taken  up  aa  a  result  of  higher  solubility,  aiich 
as  an  aniPsthetlc  absorbed  by  lipoifls^  or  by  fat  in  ordinary  adipose 
tiasue»  is  hence  imprisoned  to  that  same  est^nt  in  the  fat  or  lipoid, 
and  kept  from  attacking  or  corobiuing  with  the  protoplaem  ;  and 
accordingly  the  presence  of  aueh  bodies,  instead  of  aiding  or  causing 
anBBsthesifl,  act  in  the  opposite  sense  by  fonning  a  reservoir  for 
the  aiLsesthetic  where  it  la  inert  so  fur  as  the  r^ell  prcitopla-sm  h 
eoncenied,  which  is  ita  re-al  objective  so  far  aa  production  of 
anecsthcaia  is  concerned^ 

The  view  cxprcssiKl  above,  that  tlioao  substances  which  arc 
actively  absorbed  and  retained  by  the  tissue  cells  form  unstable 
physical  or  chemical  compounds  with  the  cell  protoplasm  dependent 
upou  the  osmotic  pressure  iif  such  substanre>i,  cannot  any  more  than 
the  others  which  have  been  criticised  he  put  forward  as  an  explana- 
tion of  the  active  work  of  the  cell  in  secretion  and  absorption, 
when  the  product  is  not  to  be  retained  in  the  cell,  but  is  to  be  turned 
out  in  greater  concentration  than  that  at  which  it  entered.  For 
Biibstunces  in  such  unstable  combination,  although  subject  to  I 
different  laws  of  relationshjp  between  concentration  and  Oflmotic 
preaaure,  obviously  come  into  equilibrium  also  at  a  given  point 
of  concentration  and  osmotic  presBure,  and  hence  their  formatioii 
cannot  be  turned  into  a  continuous  source  of  energy  for  the  per- 
formanre  of  work  by  the  cell,  sueh  as  is  required  to  fit  the  case  of 
aecretjon. 

The   formation   of  such   nnatable   cotnpouoda   la  capable    of 

explaining  the    selective    uptake    and   retention    of   constituents 

by  the  cell,  just  as  the  diflerent  solubilities  of  ditTerent  constituents 

by  the  cell  protoplasm  or  lipoids  may  explain  such  uptake  or 

retention,   but  neither  vicav  can  explain  more  than  thia.     Before 

pasaiug  on  to  a  conaideratiou  of  the  energy  changes  involved  in 

eocretiouH  and  the  possible  explanation  of  such  changes,  it  may 

be  well,  however,  to  point  out  that  the  view  of  formation  of  unstable 

'^hcrnJcal   conibuiations    between    cell    protoplasm   and   selectively 

itained  constituents,  fits  the  observed  facta  nmch  - 


EXERGT  CHA>"GE?  LVVC>LVEr»  IN  <i>\^KT10N     -jv 

better  than  the  Ehfjniatjr*-  tot  ^f  jvuiitiori  '-r.  r^i\.  ]»r/ir^»i»li4sn 
or  in  cell  hiioidfi.  For  ii  xhi-  (-^-.-hiz.br-cir,  w^ro  ^.V:-:i!.-it<.  iI>i'i  -.im 
oatnouc  preflsur*-  niid  utii:'^:-:  iri  j^-^ijTArjrt'  iaViti  i.y*  niusi  h.  n 
simple  ratio  ti>  *?arL  tni»*-T  <,»i,  d<v.K:-r.£  i"hf  iisnMs'  iin'^^n'-- 
of  anr  constitucm  ii;  tli*  JTTLji.  ibf  fir-'ii^ui:!  !AVfr^  i-,'  .i:  iv^.-'i^tM. 
hj  The  ceL  ouchT  t:'  it  ir-'^bii'd.  5v,rjv-^'  fi-)?  simiVio  s^iiniMi  iln 
ockefficieni  (if  difttrilmtiiH-  i»<TTr^*^'t.  all  &Tni  :vT:iyih  Tv.nv<\  W  *\^iMiMi'\ 
or.  i»  other  w(»rdt,  th^  rtr'.aTiL':i>i7   triwf^ri  iwmf^iif  ;i?rssii7j   imii, 

Tfait  ip  not  iaund.  Lt>T'.v*r.  ^ iT»tdn-Tyj:A^!Y  io  ^«  tlir  rjw.'  il>, 
alisor^itjoii  BT  iirsT  riH«  vtrr  rapii^ly  w.xh  v.u7^'sts;i\£  ,v4iii.»w. 
pressure,  tbeii  Ut'-t  lii*^  ri**t  :r^  fLiyK'UiiT  abft-tTlii>.i  i.^r  t^.;ui.'.  -i^-.' 
ments  of  osmtitic  T'T/'^stir*-  it-  r..u^L  5ofri>a«*d.  ftii  Alni.-wi  Tr,j*\;ii  nh 
'valoe  IS-  lai^r  T'j&^'Il^::.  tih^.'  v'txn't  \}\f^  i?  liAr*^K  ati^  iiiiin\^'t*iliii 
ab&orptitili.      Tills    h^CJijeii'/e    i'A    <Avr:T*    is    prooisiN      v  lk:<l     w.*iJ«. 

occur  if  iomiatiou  oi  ut^  uiiSt&M*-  f-r  nvorsibio  rhf-niii'j*:  .Mi,.!<,rni 
tion  tutik  plat-e  at   b   i^eniLii.   raiice   oi   prossiirf,   aiui   i>  sitih    l.v, 
examjilt.  irpjtriilJv  i:,  iLe  ci:'ii.b]nflUon   Iwiwi^^n   ha-ns^li'l"]".   i.U'i 
oxTpeii,     Henct  n  i^  di^if:  T-r'/'bahle  ihat  f-aoh  fl  X^yc  b'*'  i',>r.i!fcLiiH 
tion  txjsi*  it!  tht  oas^  oi  tiK'^f-  i:-:!?  Rnd  otIiot  coll  Ci*iisiiiiir:,(>  wIjt.'I, 
are  seltrtiveSv  alis:<i'lK'J  urii  retained. 


The  wfirk  d'"ii'  "v  tii';'  >''r'r-T::ic  I'lT,  ii:  ^\\v  p7.u'i's>  ut  sfi  ri'ii^iii 
may  !»*'  (^insji:!*'^.'^  ix^  d'\'iA'^^  ll'u  t\v,i  fr:K'i ii^^is,  \\:..  ,1*  Ht:^  m*>m* 
done  iij  iufTeni^mi:  tii'.  v  -Iutii*'  vti-TC^",  tt  wurk  d<>in^  iipiiTi^*:  <imiui;  k 
pre*i5:ur»'  i^  !!i'.'.-*'(i*:ii::  iijv  '■-Tie^i.TroTi^ni  <►:  Ji:^s.iKt\i  ^^l!ls^■||^'^'^ 
already  pre^f-m  h.  tiie  iyiii-L.  aii.l  l''  the  i^i»rk  li^^rie  :i;  -lu  rf\is-T:i; 
chenucal  euTt'y  ^'^'  ':!*■  i'rr.iHno?L  ii:  the  itI'l  o:  nrrt  sulis::^Ui'fs 
not  i>re*ien:  :i.  t:i"  lyii.jhi:  ir-'V.:  i>;:iei  siibsi.iin'e^  niwl  \*\  r.iejiiis 
of  ;L^'  cL^'iiiJfiiJ  ''lieytrv  sui^jiK'"-:!  ^v  oihe:  sllhsliUl^v^  J":vm':ii  lu 
the  lyiutih. 

it  i>  only  f'lr  the  tirs:  o:  Th'.^:>e  tyjH'>  i>f  eiiercv  ^^riH3inn>>r,  I'y 

tli^     '.'"11     ihuT     ^.f'urate     ■:UiiTiT:Tut:v"'     e^^rm.'lt]^»Tl^     I  ill.     W     lll:kie  : 

I.KriJiiM'  l"r  ','A'-  >:-i.-:'\.id  :vjii'  x'uv  eheiJiUJij  eiieriTv  jiTiiJ  minium ^^ 
oi  iL'.'  oriiiiiii"  r^uiKtaii"''?  toriU',\l  in  llie  <il!,  juiJ  the  clieniK-rtl 
tneriry  und  aniouj-t^  "i  f*ulistaiiro>  ii'it^d  by  the  ivl!  in  Tiieir  ioriim- 
tioii,  are  at  prtbtiit  unkriott-n  to  us. 
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Method  of  Sstii^jatitig  the  Work  done  ngainst  Ofmottc  Prensure  in 
sejxirotifig  each  Cfyrtstifuent  of  a  .Sprretion. — The  amount  of  wtirk 
done  in  separating  eauli  cunatituent  of  a  secreticn  can  easily  be 
deduced  when  the  pressure  of  tbe  subfltance  in  the  lymph  and 
in  the  secretion  are  known,  and  the  total  volume  of  the  accretion. 
But  Huch  eBtimation  rauat  be  miide  for  each  constituent  of  the 
secretion  separflt^ly,  and  the  tctal  work  done  is  the  sum  of  the 
work  done  in  the  separation  of  eax:h  coUHtituent.  It  leads  to 
quite  a  fallacious  result  to  merely  take  the  two  depresaionfl  of 
froeEing  point  of  the  lymph  and  secretion  respectively,  calculate 
the  total  osmotic  preaaare  of  lymph  and  secretion  from  theae  two 
values,  and  then  assume  that  the  work  done  is  the  product  of 
the  volume  cf  the  solution  and  the  difference  in  pressure.  For 
the  amount  of  volume  energy  change,  as  has  been  pointed  out  in 
a  previous  chapter,  depcndfi  upon  the  two  presaurte  for  each 
constituent  between  which  pressure  has  varied  for  that  particular 
conatHituent;  and  sinre  in  the  formation  of  a  secretion  the  aame 
ratio  is  not  preserved  between  the  preaauren  of  the  various  con- 
stituents aa  exists  in  the  lymph,  but  one  constituent  is  far  more 
compressed  or  concentrated  than  another,  it  cannot  be  taken 
that  the  lymph  is  compressed  or  concentrated  as  a  whole  aa  it 
were  by  a  piston  impermeable  to  all  the  dissolved  constituenta, 
and  tbe  work  done  obtained  from  the  total  initial  and  final  osmotic 
presaurca  and  the  change  In  volume^  but  instead  the  work  done 
upon  each  pressure  giving  conatitucnt  must  be  taken  separately, 
and  the  total  work  calculated  as  the  sum  of  al)  thesB  fractions. 

As  demonstrated  in  a  pieviou*  chapter,  the  work  done  when 
a  grm.   molecule  of  substance  is  compressed  from  pressure  p    to 

pressure  p^  Is  given  by  the  expression  ET  log  — ,  and  if  Q  be  any 

Pi 
other  weight  in  grm.  of  the  substance  and  M  the  molecular  weight, 

Q 
then  the  number  of  grm.  molecules  will  be  jy,  and  tbe  expreeaion 

for  the  amount  of  work  done  in  changing  the  proaaurc  of  the 
quantity  Q  grm    in  solution  at  preasure  p,  to  pressure  /"    will 

be  RT  ^  loff  ^-. 

If  now  there  are  any  number  of  subatancea  A,  B,  C N  in 

solution    in   the   Heeretion   in    quantities    Q„,  Q,,,  Q^ Q,^,  and 

tbe  molet'ukr  weights   of   tbe  substances  be  M,,  M^,  M^ M^, 


and  the  ptesanres  of  the  substances  id  th«  lympb  be  represented 

by    Pa,  Pi^t  Pfl p„i  find   the  corresponding  pressures  in    the 

accretion  by  p'^,  p\,    jf  ^ p'„ ;    then   tbe  expresaion   for  the 

work  done  upon  each  substance  in  Ita  production  from  the  preasure 
in  the  lymph  to  the  presaure  in  the  pl&sma  will  be  the  same  as 
that  given  above  for  a  single  Bubstance  ;  for  eKainple,  for  substance 

A  the  expression  will  be   ~  RT  log     *.    Accordingly  the  value 

of  the  total  amount  of  work  done  against  osmotic  preasure  (W) 
will  be  given  by  : — 


I 


ai" 


% 


If  aJiy  of  the  constituents  iii  electrolytically  dissociated,  then 
Q  in  the  ejcpresuioiL  fur  the  work  done  in  sep&rating  it  must  be 
multiplied  by  the  diaaocifition  factor^  becauso  the  osniotic  preasure 
will  be  higher  on  account  of  the  dissociation,  and  correspondingly 
more  work  will  be  done  in  the  separation ;  thua  in  the  case  of  the 
sodium  chloride  of  the  urine,  for  example,  at  the  concentration 
at  which  that  salt  is  there  separated,  it  is  almost  connpletely  dis- 
Boeiated,  and  Q  mn^t  be  multiplied  by  tlie  factor  19  approximately 
in  order  to  obttun  the  amount  of  work  done- 

The  above  inveatigatien  of  an  expression  for  the  amount  of 
work  done  against  osmetic  energy  in  separating  a  secretion  is 
entirely  different  from  that  usually  given,  which  is  quite  erroneous 
in  that  it  siippoaeri  all  the  eonstitiients  of  the  secretion  to  be 
equally  concentrated  in  the  proceaa  of  separation  from  the  plasma. 
Such  a  supposition  is  wrong  in  fact,  and  leads  to  quite  a  wrong 
expreaaion  for  the  total  amount  of  work  done,  as  well  aa  for  the 
work  done  upon  each  eouatitoent.  For  example,  while  the  e^jn- 
centrations  of  urva  in  plasma  and  urine  are  respectively  0*04  and 
2<l  per  cent,  respectively  in  human  urine,  the  similar  concentra- 
tions of  sodium  chloride  are  055  and  1  10  per  cent- ;  and  hence 
in  the  expressions  for  the  work  doni?  m  secreting  urea  and  sodium 

oride  respectively  the  factor  log,  -  has  quite  a  different  value 
in  the  two  case6,  being  log,  50  in  the  case  o£  the  tirea  and  log;2  in 
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the  case  of  the  sodiom  chloride.  Ae  a  result,  taking  the  average 
daily  quantities  to  be  %  grm-  in  the  casn  of  urea,  and  16  grm. 
ID  the  case  of  aodiimi  chloride,  and  correcting  for  the  almost  com- 
plete? di*30ciatioiL  of  the  aodiuni  obloride.  a  calculation  c*f  the  work 
done  in  the  separation  in  the  two  cases  flhowa  that  the  amount 
of  work  doue  in  separating  the  urea  is  nearl7  aii  timea  aa  grca^t 
as  that  done  in  separating  the  sodium  chloride. 

Thia  IB  quite  different  from  the  usual  type  of  treatmentf  in 
which  it  is  taken  in  calculating  the  work  done  merely  from  the 
lowerings  of  freezing  point  of  aeruni  and  of  urine  respectively,  that 
the  calculation  may  be  baaed  on  the  supposition  that  the  accrption 
may  roughly  be  regarded  aa  a  concentration  of  sodium  chloride. 

The  reason  of  the  fallacy  ia  not  far  to  seek,  the  urea  solution  is, 
roughlv  af  caking,  concentrated  50  times  in  the  process  of  spcretion, 
while  the  concentration  of  the  sodium  chloride  ia  liarely  doubled. 
If  then  we  imagine  the  urea  and  sodium  chloride  afi  being  sept^iately 
removed  from  the  pl&snia  by  the  action  of  a  semi -permeable  piston, 
in  the  firet  case  impermeable  to  urea  and  in  the  second  ca^  im- 
permeable to  sodium  and  chlorine  ions  and  to  sodium  chloride  ; 
then  to  separate  in  each  case  1500  c.e  of  secretion  containing  in 
one  case  2  ftcr  cent,  of  urea,  and  in  the  other  case  1!  per  cent,  of 
sodium  chloride,  from  a  plasma  containing  004  per  cent,  of  urea 
and  055  per  cent,  of  aodium  chloride,  we  should  require  to  take 

2 
in  the  case  of  the  urea    1500  x  t— -^  =  75.000  c.c,  of  plasma  and 

compress  down  to  1500  c.c,  while  in  the  caae  of  the  sodium  chloride 

we  should  onlv  have  to  take  L^KK)  x  r-_^  — 3000  c.c.  of  plasma 

and  compress  down  to  IfiOO  c.c. 

Henee  to  get  the  true  expression  for  the  work  done  against 
osmotic  proBBure  in  secretion,  each  constituent  must  be  treated 
separately,  and  the  work  done  depends  in  large  degree  upon  the 
preaaurea  of  the  separated  constituent  in  plasma  and  secretion 
res[j(rc|.ivcly^  and  the  total  molecular  amount  separated,  fio  that 
aa  a  result,  for  example,  in  the  case  of  the  urine,  the  separation 
of  the  urea  involves  more  work  than  the  separation  of  all  the  other 
conatituenta  combined* 

As  an  exjimple  of  the  method  of  calculating  the  work  done  in 

secretion  against  osmotic  preasnre^  we  may  give  the  calculation  of 

"QOunt  done  in  secreting  the  normal  daily  amount  of  urea, 
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viz.  30  gnu.  io  a  2  per  ceot.  aolution,  mea&uring  ftccordinglj 
1500  c.c.  The  molecular  weight  of  urea  is  (iO,  and  it  is  not  dis- 
sociated, so  that  there  is  no  correction  for  difiGOoiatioD,  also  tbe 
usual  figure  of  0O4  per  cent,  may  be  taken  for  the  concentration 
ir  the  [ilaflDia. 

The  expression  lor  the  work  done  In 


W 


^i^4- 


closely 


If  we  express  this  amount  of  work  as  heat  energy  in  amall 

cAloriea  the  value  of  the  constant  K  becomes  1'98,  if  T  be  taken 

at  40^*  C-,  the  value  of  T  in  abaolntc  scale  becomes  273  +  '10  =  3i:i. 

and  hence  the  value  of  RT  is  620  at  this  temperature  ;  ^   Q  is  30 

grm^>  and  the  value  uf  M,   the  molecular  weight  in  grm>,  is  60» 

Q  v' 

to  that  ij  becoD^es  0'5 ;   the  value  of  the  ratio  of       ia  t.he  same 
M  '  p 

as  that  of  the  two  coccentrations  of  the  urea  in  secretion  and 

plasma  respectively  =  Ty^  =  BO,  and  for  log^50,  we  can  substitute 

[50,  on  dividing  by  the  Briggs  niodulus  for  transference  from 
ncrian  lo  common  logarithms,  the  value  of  Iog^y50  is  very 
17,  and  the  vahie  of  the  modulus  is  0-434  ;  ao  that  we 
finalJy  get  on.  makmg  all  these  Bubstitutiona  in  tho  above  equation, 
for  the  value  of  the  work  done  e3q>re3eed  in  email  cobrioa : — 

W  =  a20xO-JiKl'7  4'0'434  =  12UcuL 

This  amount  oE  energy  may  be  expressed  aa  mechanical  work 
by  remembering  that  the  small  calory  ie  approximately  eqmvalent 

'  Tbe  Tfilne  cf  fi'ff  rational  calorics  OT  560  Binal]  calorlrd,  plveii  in  a  prerloim 

l^hnptrr,  viu^  Iho  Liniin]  mlut  lins<M.l  on  a  temprrmtura  of  IG"  C,  Ihi?  value  GSO 

■mall  cfllories  uftol  ftbovi*  Ik  (baT  wbiiJh  "Up  ciprrasion  HT  ha*  si  v  icnjpnrsTnre 

,et  40*  C-,  Ihe  ajjproiiniaUi  lempemrurn  of  wcretjon  of  the  tirins.    The  val»»  of 

PV 
f or  R  id  obtained  by  nBin^r  ihe  formula  PV  =  RT,  or  R  =  ^,  and  tboa  anh- 

ig  Lhc  valitcp:  for  T,  V,  ami  T  Tor  a  ipto^  ruDlccnlc  at  auy  j^ivca  mlun  of 
^  vtiluiuf^.  oiril  (enifinTiturG  t'orrrspiMifluj^  lo  cub  BDOlbcr.  Tban  a  k^id^ 
moterult-  ai  U'  C.  Iuli  a  ruluiot.-  tj£  22.'^iiQ  ux\.  a  pnrfiiiin.'  uf  70  cJi>.  vt  faev*:uty 
t=7fi*lfH«ySl  iynnjin  rinil  T  U  273  va  ftbanlui*  «cale.  Alto  1  nuall  calory 
^•I^JXID"  dytiv^  ami  on  autiplthjimg  tLc-ac  volnfiB  In  tlie  aboro  eqaatlon  wd 
obUdD  tor  tbe  talLiu  t^f  R  in  irciNll  calorm: — 

„     V3aaOjf7ExlS4«Q8t      ,„^ 


IM    E^mGT  CHAXGK^  IXVCH-YED  IX  SDCSEnOX 

idi£  kafawY  chl  flKntate  t^  una  ^laaut  iwuiciiar  juuHiit-  YW 
It)  kiiocKD-aiffCrQ..  at  cm£  b«-  sbEivx  ?v  a  «"""*-*  n^nDihffMn.  whI 

The  mlmii^  «f  »>  JkJl0CT»BKHiDfCc<B»  vnti^  aagfrfflsg  be 
aKOmfr  above  t&e  anfiaaa  of  vmt^  wink  Aont  i^r  i^  ^sAatyt 
H  t^  g»<nij-ftnT  iitf^Lk  amd  ii  nonn  St  p«fQtti£  ^flOi  t&M  ik» 
MHoa^  V  br  BO  wTMrainr  Imvp.  ExprrAAi  a»  bcM  11  vot^  odhr, 
pE  n  w^nt  all  taksM  af  hm  &ok  tibe-  ncnt  JwomHiL  Ek^va  ife 
KB^aMBR  betvca  I'  aiaj  ^  C. 

pi  r— ini   BAT  lEtre  a  tt^  kn^  v^bat :  l^oft  Drwt  ^c<aa£  bk  iW 

li>  ^3^  C^  v^jck  tongayatafa  ED  aa  onavxor  pmmEe  at  ^S^  BMvef 
of  water  or  o^^er  3>  atBwapfams  o£  pnHom. 

In  tke  anor  of  otbrr  yrupa^  sail  bc^ttft'  oiBSKWaf  |il«iimiia 
aie  obtained  :  iK«  is  ibe  cat  an  o^aecir  pmttm  o£  «^.^X^  gna. 
per  aqaair  turtiimln-  «u  cakmhicid  bv  Dmafr.  attd  ifae  Attwftt 
K  Bade  tbal  if  th^  vork  of  coansEcawa  avcv  earned  ovl  br 
ibo  rvlb  of  the  kidtE^  lobob^  these  mnh^  «vx^  ^>=^^  ^t*^ 
tbeae  retb  caa  «i«t  a  foree  sx  inxB»  ce^mevt  uLul  ta^  &bi»fate 
force  ol  human  moacie  i^lOi}  trm-  pPT  ^Tiar?  officicEii«cr«V 

Soch  a  staieownt  and  sacti  a  riev  a^  co  c&ie  atL-uoa  o(  tbe  oftb 
of  ibr  Kaboka  is,  bovevm.  a  hi^iiT  atHoni  ocbf .  Tbr  ki>kiaifT  c«A» 
ilo  cafTT  oQt  tiie  Tork  of  coDcnLGtacioQ-  bat  vy  have  do  <vui#fwe 
chat  tb^  «xert  or  E«wt  the  kaft  pcmbbr  pmMOie  in  ttte  pfvi^eis:^ 
AilboQgb  the  oamodc  pn:snire  a  s>  his^  the  anLoant  of  eofffy 
chao^tr  **  ■>  ibo«FEL  bT  the  rahrolaoon  ^fen  abov^.  b  L^jm|<artiiTviT 
Toy  ^nall,  aEid  the  vork  of  the  kkioev  txH  evHik^t^  in.  ?iipphrtcif 
tbia  KnaU  anvmu  of  enec^,  from  energy  in  another  form,  by 
fiaiiJnrmiriiin  cf  a  cofresponding  small  amoont  of  the  eneray 
wbicb  it  takA  op  a»  nntneni  matter  frwt  ihe  pUsoui.  Thai 
Mtjtbing  apprPTimating  to  the  omiotic  ptviSfore  ^E  the  ^pirated 
niBC  derek^  in  this  process  of  eneigy  Eraiidfornialioa.  07  tn^ieed 
IS  any  pr«9saie  drrcloped  whatever,  we  po^JT^Mij  not 
t  fm^tioD  of  experimoital  evidence.     All  that  i^  known 
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u  that  there  ia  a.  amaU  uTcrea^  in  osmotic  energy,  provided  hy 
thn  exp<*ndit.Tire  of  energy  by  the  secretini^  kidney  celL  The  view 
tliat  tlie  kidney  cell  ia  flomething  iiL  the  nature  of  a  aeuii-pt^mieable 
membrane  with  a  diiference  in  presaure  upon  its  tvro  enda  of  many 
atraosphercH  of  preasure  is  an  entirely  erroneous  one;  no  cell  in 
the  bodv  could  '^"ithj^tand  such  a  difference  in  pressure  for  a 
moment;  there  ia  no  evidence  that  such  a  pressure  PiUta  in  the 
kidney  tubules;  in  fact,  it  intjst  certaiuly  does  not  exist.  Finally, 
no  arrftngement  in  the  nature  of  a  ae  mi -permeable  membrane, 
could  form  the  accretion  with  accompanying  concentration  oi 
diABolved  subatancea.  In  the  first  instance,  because  for  such  an 
operation,  as  has  already  been  pointed  out,  energy  is  required 
which  a  iwnu'permeable  inenihrana  cannot  yield.  Since  an  energy 
machine  such  aa  the  cell  must  be  ntiliaed  for  producing  the  secretion, 
wo  at  once  loa?  on  the  introduction  of  such  a  machine  all  necessity 
for  the  maintenance  of  hydrostatic  preaaure  in  opposition  to 
oamntic  preaaure,  and  there  ia  no  inort  reason  why  tlie  kidney 
cells  should  be  uupposed  expobed  to  the  osmotic  pressure  than 
there  ia  to  auppoee  tliat  the  walla  of  the  bladder  should  have  to 
withstand  the  oamotic  prcasure  of  the  urine  after  it  has  been 
secreted  and  passed  into  the  bladder. 

In  an  exactly  similar  manner,  the  work  done  in  the  secretion 
of  any  conatitnent  of  any  Hprretion  car»  be  calculated  if  the  pressures 
or  concentrations  in  plasma  and  secretion,  and  the  amount  of 
accreted  substance  and  volume  of  secretion  ate  known^ 

Ah  to  the  niechaniflm  or  type  of  energy  tranafomiation  by 
which  the  cell  doea  its  work  nothing  is  known  ;  similar  phenomena 
of  concentration  of  lona  and  of  dissolved  colloids  by  means  of 
movement  in  the  electric  field  have  long  been  known,  and  it  is 
probable  that  it  may  be  the  case  that  the  living  secreting  cell, 
by  developing  differences  in  electrical  potential  at  ita  two  ends, 
or  by  developing  differences  in  energy  pct^ritial  of  some  other 
[form  of  energy  Huch  as  that  wliich  intrinsically  belongs  to  the 
X-ving  cell,  may  establish  a  directive  influence  upon  aubatances 
in  solution,  &a  a  result  of  which,  and  of  energy  potentials  upon 
the  diaaolved  molecules  them^lves,  th^y  may  be  [paused  to  move 
in  a  definite  direction  and  at  a  definite  apefd  through  the  cell, 
different  from  that  of  the  water  in  which  they  are  dissolved-  A 
similar  directive  movement,  in  fact,  to  that  seen  in  the  case  of 
diasolved  iona  and  colloidal  molecules  in  the  electric  Beld  may  occur. 
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Or  the  energy  changes  may  be  brought  about  by  chemical 
combinations  and  diHaociationa  in  the  cell. 

Bnt  wliatever  view  be  taken  as  to  tlie  nirxle  <jf  operation,  it 
is  clear  from  the  experimental  study  of  the  selective  rat&a  oJ 
paseogo  ol  dissolved  snbatancea  through  the  cell  that  what  might 
be  termed  "  polar  "*  properties  must  be  ascribed  to  tbe  celt  in 
Its  pheromena  of  eecretion  end  absorption.  Thia  is  not  theory 
but  exp^n mental  fact.  It  la  seen  that  many  suhatancea  pass 
through  the  cell  several  tiniea  more  rapidly  than  the  solvent,  while 
otheta  paaa  tbrough  more  slowly.  In  the  case  of  thoao  which 
p&sa  through  more  rapidly,  work  in  giving  velocity  to  theae  mole- 
cules or  ion*  anJ  in.  iiRTcasing  osmotic  energy  must  be  done  by 
the  call.  Tt  is  clear  from  tbia  that  the  amount  of  solvent  in  whioh 
any  given  quantity  of  a  constituent  ia  dissolved  need  never  enter 
the  cull,  but  instead  the  dissolved  substance  be  attracted  and  moved 
through  the  solvent  toward  and  into  the  cell  by  the  energy  oi  the 
cell  ;  just  as  indepcndeiit  vdocitiea  are  given  to  the  ions  towarde 
the  electroilefl  by  tbe  electric  pofceifctials  o[i  the  electrodes  without 
the  solvent  between  the  electrodes  moving  at  the  same  rate  towards 
either  electrode.  Thua  there  may  oiily  be  a  slow  current  of  water 
through  the  cell,  with  a  slow  uptake  of  water  from  the  lymph,  and 
a  much  more  rapid  current  of  dissolved  sulBtances  and  corre- 
sfiording  increase  in  coticentratioti  of  these  in  the  secretion  or 
absorbed  fluid. 

If  the  water  containing  the  disaolved  substances  were  taken 
up  at  the  flame  rate  by  the  secreting  cell,  then  in  order  that  the 
secretion  could  become  more  concentrated  in  any  constituent 
it  would  be  necessary  that  at  intervali^i  wat^x  should  be  returned 
or  pressed  out  again  at  the  side  of  the  cell  at  which  it  entered, 
containing  the  constituent  which  was  to  be  concentrated  in  more 
dilute  eolutioTi.  It  hence  appears  more  probable  that  instead 
of  such  a  to  an  1  fro  mnvEmeiit  of  water,  the  dissolved  Hubstances 
are  taken  up  Lipou  the  entrance  aide  of  the  cell  more  rapidly 
than  if  they  passively  moved  in  with  a  corresponding  amount 
of  water. 

That  this  view  is  probable  ia  seen  from  the  enormous  amount 
of  water  whinh  would  have  to  pass  into  and  out  cf  the  cell 
alternately  If  only  passive  absorption  of  water  and  its  diasolved 
substances  formed  the  first  stage  in  the  process  of  secretion.  Tbua 
in  the  seuretion  of  hydrochloric  acid  in  the  gastric  juioc,  the  con- 


r 


EXTRINSIC   MECHANISMS  OF  SECRETION       16? 


ki 


centrfttlon  of  tlie  hydrogen  ion  haa  to  be  increased  from  an  almost 
immcaaurablj  low  concent  rabiori  in  the  plaania  up  to  about  the 
strength,  of  &  deci-rormfll  solution,  and  to  do  thia  by  paeaive 
absoqjtion  an  enormoa'*  amount  of  water  must  enter  the  aecreting 
cell  8nd  be  again  rejected  at  tbe  8ftme  side  at  which  It  eiitered. 
Again*  id  the  secretion  of  urea  in  the  Lirine  75  kilo^rama  would 
have  to  enter  and  pass  tkroiigh  the  kidnev  cells  !ind  bo  reabflorbed 
in  order  to  conc^ntiate  and  separate  the  daily  output  of  urea. 
Also,  in  absorption  from  the  intcsUnp,  to  take  up  a  meal  of  150 
grm,  of  rarbobydrate  or  fat  in  ojiR  per  cent,  aolutiDU,  whitih  is 
probably  in  excess  of  the  concentration  at  which  these  food-stufis 
UQ  nonnfiUy  absorbed,  it  would  be  neoeesary  for  15  kilogramB 
of  water  to  be  taken  up  by  the  absorbing  cells,  and  either  returned 
by  alt-emating  back  streams  into  the  intestine  free  from  carbo- 
hydrate or  fat,  or  e\m  poured  into  the  blood  stream.  Such  an 
amount  ia  probably  nmch  in  excesa  of  the  sum  of  the  water  taken 
with  the  food  and  the  combined  digestive  seorctions. 

Henc«  wo  must  anppose  that  the  cell,  whether  absorbing  or 
■ecreting,  does  cot  undergo  passive  infiltration  by  the  fluids  in 
contact  with  it,  and  allow  these,  or  even  the  water,  to  stream 
through  paasively,  but  ia  an  active  energy  machine,  and  takes  up 
the  various  constituents  and  their  solvent  in  definite  and  well- 
regulated  proportions. 

For  the  reason  stated  at  the  outset,  the  amounts  of  energy 
volved  in  the  formpition  by  the  cell  of  ihe  new  organic  constituenfj^ 
of  the  secretion  not  present  in  the  plasma  cannot  at  present  be 
estimated,  and  ao  we  pass  to  a  oonsidc ration  of  the  extrinsic 
Daeehanisms  of  ^^ei^retion- 


Thb  Extrinsic  Mechanisxs  of  Sbcreteon 

AlterfitUmf  in  the  Blood  Supply  to  the  Set^tting  ^/flwrf.— Accom- 
ipanying  the  increased  aiiitiuntH  of  phyaiologitsl  work  which  the 
^reting  cells  have  to  perform,  there  is  always  during  secretion 
'an  increoE^e  in  the  amoimt  of  blood  supplied.  Thia  increase  was 
^eatimated  by  Chauveau  and  Kauimann  in  the  caao  of  the  aub- 
dllary  aaUvary  gland  as  amounting  to  three  times  the  blood 
'supply  in  the  resting  ounditlon  of  that  gland,  but  according  to 
more  recent  experiineitta  by  BarcroElf  it  may  in  the  dog  be  set 
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We  0ee,  tlLervfore.  that  a  high  solubility  of  Any  dissolved  sah* 

atancc  in  a  supposed  lipoid  membrane  or  in  the  cell  protoplasm. 
will  cause  a  correspondirg  acciunuiation  of  that  substance  in 
the  lipoid  membrane  or  in  tho  cell  protoplasm,  but  cannot  act 
as  an  enpne  or  energy  produeer  for  =^nding  the  sabetance  through 
the  cell  aa  a  secretion  or  an  absorbed  pf oduct. 

The  substance  taken  up  as  a  result  of  higher  aolability,  aach 
ae  an  amt^hetic  absorbed  by  lipoids,  or  by  fat  in  ofdiaary  adipoee 
ti^ue,  is  hence  imprisoned  to  that  eame  extent  in  the  fat  or  bpoid. 
and  kept  from  attacking  or  combining  with  the  protoplasm ;  and 
flceordin^ly  the  presence  of  sqch  bodies,  instead  of  aiding  or  cau^dng 
amestheaia,  act  in  the  opposite  senae  by  forming  a  reservoir  for 
the  ansatheljc  wht^rc  it  ia  inert  so  f ar  aa  the  cell  protoplasm  la 
concerned,  which  is  its  real  objective  ao  far  aa  production  of 
anacfitheflia  i&  concerned. 

The  view  expreBsed  above,  that  those  aubstancea  which  are 
actively  absorbed  and  retained  by  the  tL^ue  ceils  form  unstable 
physical  or  chemical  compounds  with  the  cell  protopla^jri  dependent 
upon  the  osmotic  preaaure  of  such  substances,  caiinot  any  more  than 
the  others  which  have  been  criticised  be  put  forward  as  an  explana- 
tion ol  the  active  work  oi  the  cell  in  »eeretion  and  absorption, 
when  the  product  is  not  to  be  retained  in  the  cell,  but  is  to  be  turned 
out  in  greater  concentralictn  than  that  at  which  it  entered.  For 
substances  in  such  unstable  combination,  although  subject  to 
difierent  laws  of  relationship  between  concentration  and  osmotic 
pressure^  obviously  coma  into  e<]mlibriuin  abo  at  a  given  point 
of  concentration  and  osmotic  pres^ure^  and  hence  their  formation. 
rsnnot  be  turned  into  a  continuous  source  of  energy  for  the  per- 
fonnance  of  work  by  the  cell  such  as  la  required  to  fit  the  case  of 
secretion. 

Th&  tonna6f>n  of  sucb.  unat-able  compounda  is  capable  of 
explaining  the  selective  uptake  and  retention  of  confltituenta 
by  the  cell,  juat  aa  the  different  solubilities  of  different  constituents 
by  the  cell  proloplasm  or  liijoida  may  explain  such  uptake  or 
retention,  but  neither  view  can  eiplain  more  than  this.  Before 
paaaing  on  to  a  consideration  of  the  energy  changes  involved  in 
stcretion,  and  the  possible  explanation  of  such  ehangear  it  may 
be  well,  however,  to  point  out  that  the  view  of  formation  of  unstable 
chemical  combinatjona  between  cell  protoplaam  and  selectively 
iworbed  and  retained  conBtituents,  fits  the  Dbserved  facte  mucli, 
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better  than  tlie  alternative  view  of  solution  in  cell  proUiplA«m 
or  in  rell  lipoiJs.  For  if  the  explanation  were  aolution,  then  the 
osmotic  preaaure  and  amcimt  of  aubetance  taken  up  mnet  be  in 
»mplo  ratio  to  oach  other.  On  doubling  tkc  osmotic  prcsfiuro 
of  uny  cotistituent  in  the  lymph^  the  amount  taken  up  or  secreted 
bj  the  cell  ought  to  be  doublet!,  since  for  simple  solution  the 
coefficient  of  distribution  between  cell  and  lymph  must  be  ronatant* 
or,  in  other  'fforda.  the  relationship  hetween  osmotic  pressure  and 
amount  abaorbcd  by  the  cell  shoiUd  be  a  linear  one. 

This  is  rot  found,  however,  experi mentally  to  be  the  case  ;  the 
absorption  at  first  rises  very  rapidly  with  increasing  osmotic 
prcflsure,  then  later  the  rise  in  amount  absorbed  for  equal  inere- 
ments  of  OAinotic  presam'e  !s  much  decrearied.  an  almost  maximum 
"value  is  later  reached,  after  which  there  is  hardly  any  appreciable 
al^orption.  This  sequence  of  events  ia  precisely  what  would 
occur  if  Jormation  of  an  unstable  or  reversible  chemical  combina- 
tion took  place  at  a  certain  range  of  pre^ure,  and  iw  seen,  for 
example,  typically  in  the  combination  between  haemoglobin  and 
oxygen.  Hence  it  ia  moat  probable  that  »uch  a  type  of  combina- 
tion exists  in  the  case  of  thoae  ions  and  ether  cell  conetituenta  which 
are  eelectively  absorbed  and  retained. 


The  Energy  Changes  Involved  in  Secretion 

The  work  done  bj-  the  accreting  cell  in  the  proceaa  of  secretion 
may  he  eonsiiiert'Ll  as  divided  into  two  fractions,  viz.  (I)  the  work 
doDfi  in  iucreaeing  thei  volume  energy,  or  work  Jone  against  osmotic 
pressure  in  increasing  the  concentration  of  difiaolved  substances 
already  present  in  the  lymph,  and  (2)  the  work  done  in  increasing 
chemical  energy  by  the  formation  in  the  cell  of  new  aubstancea 
not  present  in  the  lyniph  from  other  substances  anti  by  means 
of  the  chemical  energy  supplied  by  other  substances  present  in 
the  lymph. 

It  is  only  for  the  first  of  theae  types  of  energy  production  by 
the  coll  that  accurate  quantitative  estimations  can  he  made ; 
because  for  the  second  type  the  chemical  energy  and  amounts 
of  the  organic  subatatices  formed  in  the  rell,  and  the  chemical 
energy  and  amounts  of  aubatancea  used  by  the  cell  in  their  fomia- 
tion,  are  at  present  unknown  to  us. 
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Method  of  JCitirnatiti^  the  ii'ork  done  nijainat  Osviotic  Freif^ure  in 
separrttintf  mch  Constituent  of  a  Secretion- — Tlie  amount  f>f  work 
done  in  aeparating  earh  unnsti tnent  of  a  secretiDn  crii  easily  be 
deduced  when  tlie  preasure  of  tbe  substance  in  the  IjTnph  and 
in  the  secretion  are  known,  and  the  total  volume  oE  the  accretion. 
But  such  eatimation  must  be  mnde  for  each  constituent  of  the 
secretion  fleparately,  and  the  total  work  done  is  th©  sura  of  the 
work  done  in  the  separation  of  each  con^^tituent.  Tt  leadB  to 
quite  &  fallacious  result  to  merely  take  the  two  depreeaioas  of 
freezing  point  of  the  lymph  and  secretion  respectively,  calculate 
the  total  osmotic  pressure  of  lymph  and  accretion  from  these  two 
valuoSf  and  then  asaume  that  the  work  done  is  the  product  of 
the  volume  of  the  solution  and  the  diSerence  in  preasure.  For 
the  amount  of  voliinie  energy  change,  as  has  been  pointed  out  in 
a  previous  chapter^  depends  upon  the  two  presaurea  for  each 
constitucTit  between  which  preaeute  haa  varied  for  that  particular 
conatituent,  and  aince  in  the  formation  nf  a  secretion  the  same 
ratio  is  not  preserved  between  the  pressures  of  the  various  con- 
Btituents  as  exists  iu  the  l3mipb,  but  one  constituent  ts  far  more 
compressed  or  concentrated  than  another,  It  cannot  be  taken 
that  the  lymph  is  compressed  or  concentrated  as  a  whole  as  it 
were  by  a  piston  impermeable  to  all  the  dissolved  conatituentfl, 
and  the  work  done  obtained  from  the  total  initial  and  linal  osmotic 
pressures  and  the  change  in  volume,  but  instead  the  work  done 
upon  each  preBHure  giving  conatituent  must  be  taken  saparatply, 
and  the  total  work  calculated  as  the  suhl  of  all  these  fractions. 

As  demonstrated  in  a  previous  chapter,  the  work  done  when 
a  grm.  molecule  of  substance  ia  compressed  from  pressure  p,  to 

pressure  j}^  ia  given  by  the  expreaaion  RT  log  ^j  and  if  Q  be  any 

other  weight  in  grm,  of  the  substance  and  M  the  molecular  weight, 

then  the  nmnber  of  grm.  molecules  will  be  z^,  and  the  expresaon 

for   the  amount  ol  work   done  in   changing   the   pressure  of   the 
quantity   Q  grm,    Ln  solution  at  presaure  p^  to  pressure  f    will 

be  RT  §  log  ^. 

If  now  there  are  any  number  of  aubatancea  A,  B,  C N  in 

solution   in   the  secretion  in  quaotitiea  Q„,  Q^,  Q, Q^„  and 

the  molecular  weights  of  the  aubatancea  be  M„,  M,,,  M^ M,*. 
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ft 


wid  the  pressures  of  the  substances  m  the  IjnnpK  be  represent*^ 

iy    Pa»   Pttf   Tn Tt'    ^°*^    *^*   corresponding  preaaureB   in    tbo 

Aecretictii  Lt  j}\,  jf\,    -f/^ j/„-.    then  the   expri'asion   for   the 

ivork  done  upon  f  ach  subatance  iu  ita  production  from  the  presBure 

lin  the  lympli  to  the  prcsaure  in  the  plaaraft  will  bo  the  aamo  as 
that  given  above  for  a  single  aubatance  ;  for  exaraple^  for  aabatanco 


A  the  expression  will  be  r;-  RT  log  — . 


Accordingly  the  value 

of  the  total  amount  of  work  dono  against  osmotic  pressure    (W) 
will  be  given  bj  :  — 


w 


^'^k'^i 


\ 

^F       If  any  of  the  coDstituenta  13  electrolytically  diaaociated,  then 

^B  Q  in  the  exprcaaion  for  the  woik  done  in  separating  it  muat  he 

^P  niuJtiphed  by  the  dissociation  faetor,  becau^  the  oamotio  pressure 

^^  will  be  higher  on  account  of  the  dissociation,  and  correspondingly 

more  work  will  be  done  in  the  separation ;  thus  in  the  case  of  the 

■odium  chloride  of  the  urine,   for  example,   at  the  concentration 

at  which  that  salt  is  there  separated,  it  is  almost  completely  dis- 

IBoeiated,  and  Q  must  be  multiphed  by  the  factor  l-^  approximately 
in  order  to  obtain  the  amount  of  work  done. 
The  above  investigation  of  an  eipresaion  for  the  amount  of 
work  done  against  osmotic  energy  in  separating  a  secretion  is 
entirely  different  from  that  ufiu&lly  given,  which  is  quite  erroneous 
I  in  that  it  anppoaca  all  the  constituents  of  the  secretion  to  be 
equally  concentrated  in  the  proceaa  of  separation  from  the  plasman 
^H  Such  a  supposition  is  wrong  in  fact*  and  leada  to  quite  a  wrong 
^^  expression  for  the  total  amount  of  work  done,  as  well  as  for  the 
.  work  doue  upon  euch  confitituent.  For  example,  while  the  con- 
^ft  eontrationa  of  urea  in  plasma  and  urine  are  reBpectively  O04  and 
^m  2'0  per  cent,  icepcetively  in  human  urine,  the  similar  concentra- 
^1  lions  of  acxlium  chloride  are  0'55  and  MO  per  cent,  ;  and  berce 
^K.  in  the  espreasiona  for  the  work  done  in  sefireting  urea  and  sodium 

chloride  respectivoly  the  factor  log^-^  has  quite  a  diflerent  value 

in  the  two  casea,  being  log,50  in  the  case  of  the  urea  and  log,2  in 
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the  cafld  of  the  flodium  chloride.  Xa  n  result,  taking  the  average 
daily  quantities  to  be  .10  ^Tm.  in  the  ca^  of  iirpn,  and  16  grm, 
in  the  case  of  sixlfuin  rililoride,  and.  correcting  fcjt  the  ahntwt  com- 
plete disBocifltiori  of  the  sodium  chloride,  a  calcultttion  of  the  work 
done  in  the  aeparntion  in  the  two  caaea  ahowa  that  the  Amount 
of  work  done  in  aeparating  the  urea  ia  nearly  six  times  tfcs  great 
as  that  doue  in  separating  the  sodium  chloride. 

This  '\s  quitjs  liiftereiil  from  the  usual  ty\^  of  treatment,  in 
which  it  is  taken  in  c^aU^ulating  the  work  done  luerely  from  the 
loweringa  of  freezing  point  of  aerum  and  of  urine  respectively,  that 
the  fralculfllion  may  be  based  on  the  auppoaition  that  the  secretion 
may  roughly  be  regflrded  as  a  concentration  of  sodium  chloride. 

The  reaaon  of  the  fallacy  is  not  far  to  seek,  the  urea  solution  ia^ 
roughly  speaking,  concentrated  50  times  in  tlie  process  of  secretion, 
while  the  concentration  of  the  aodium  chloride  is  barely  doubled. 
If  then  wc  imagioc  the  urea  and  aodium  chloride  as  being  separately 
removed  from  the  plasma  by  the  action  of  a  semi -permeable  piston, 
in  the  first  caae  impermeable  to  urea  and  Jn  the  second  CAse  im- 
permeable to  sodium  and  rhlorinp  ions  and  to  Bodium  chloride; 
then  to  aeparatc  In  each  oas*e  1500  o.c.  of  secrcticn  containing  in 
one  oaae  2  per  cent,  of  urea,  and  in  the  other  caae  l-I  per  cent,  of 
aodium  chloride,  from  a  plasma  containing  0"04  per  cent,  of  urea 
and  0"5S  per  CAnt,  of  sodium  chloride,  we  should  require  to  take 

in  the  case  of  the  urea   J500x  /viU"^^**^  *^'^-  ***  pJ'^sma  and 

compresfl  down  to  1500  c,c.,  while  in  the  oaae  of  the  sodium  chloride 

11 


^-^=3000  c,c,  of  plasma 


we  ehould  only  have  to  take  1500  x 

and  corapreaa  down  to  1500  c.o. 

Hence  to  get  the  true  expression  for  the  work  done  against 
osmotic  pressure  in  aeeretion,  each  constituent  must  be  treated 
separately,  and  the  work  done  depends  in  large  degree  upon  the 
pressures  of  the  separate  constituent  in  plasma  and  secretion 
respectively,  and  the  total  molecular  anionnt  separated.  So  that 
OS  a  result,  for  example,  in  the  case  of  the  urine,  the  aeparation 
of  the  urea  involves  more  work  than  the  separation  of  all  the  other 
coustitnents  ccmbined. 

As  an  example  of  th*"  method  of  calculating  the  work  done  in 
secretion  agsinat  osEiiotie  pteaaure,  we  may  give  the  culculjition  of 
the  amount  done  in  secreting  the  normal  daily  amount  of  urea. 
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viz.  30  gnu,  in  A  2  per  cent.  fio1ution«  measurlag  accordingly 
1500  c.c^  The  mDlccul&r  weight  ol  utca  ie  GO,  end  it  ib  Dot  dia- 
sociatodn  so  that  there  is  no  corrpction  for  dJBSociation,  also  the 
usual  figure  of  0  04  per  cent,  may  he  takeD  £or  tbv  concentration 
m  the  pt&ama. 

The  expreasioa  for  the  work  done  is 

^Ji  we  expreoa  tliio  amount  of  work  as  heat  energy  in  small 

calories  the  value  of  the  constant  R  becomea  1-98,  if  T  be  taken 

at  40*  C,  the  value  of  T  in  abaolutc  aeale  hceomee  273  +  40-313, 

and  hence  the  value  of  RT  ia  620  at  this  temperature ;  ^   Q  is  30 

gnn,,  and  th«  value  of  M,  the  molecular  weight  in  grm,,  ia  00, 

Q  p 

80  that  iri  becomes  0'5 :   the  value  of  tlie  ratio  of       ia  the  same 
M  p 

as  that  of  the  two  conce Titrations  of  the  urea  in  secretion  and 
plflama  respectively  =- ^_^  =  50,  and  for  log^50,  we  oan  aubstitute 

Iog^^j50,  on  dividing  by  the  Briggs  modulvia  for  tranfiferencc  from 
Napierian  to  common  logarithms,  the  vah:e  of  log^^j'^  is  very 
closely  1-7,  and  the  value  of  the  modulus  is  0"434  ;  so  that  we 
finally  ^et  on  making  all  tlieae  aiibatitutioiis  in  the  above  eijuation, 
Jor  the  value  of  the  work  done  expreaaed  in  sniall  caloriea ; — 

W  =  650  X 05  >=  17-;  0-134 -1214  oftl. 


This  amount  of  energy  may  be  expressed  as  mechanical  work 
by  remembering  that  the  amall  calory  is  approximately  equivalent 

'  The  viloc  of  G-S  rationul  cilDriofl  or  CSO  BTOftll  CHJoriD&,  pivon  in  a  prDtiout 
ohnpfcr,  was  tbr  asaal  Wuo  based  on  a  tempcmlurc  of  ]£^  C,  iht  valuta  tiSO 
smaU  cfllariea  HKC^  nbovc  iji  Lbdt  nhich  the  eipttfl^ioD  RT  bo^at  a  ti;m]icra1uTc 
uf  ^  C,  tbeHppruximtite  Uynperaturt  of  fetrtllon  of  tbe  uriofi,    Tbe^filueof 

IDS  for  ft  i*  obtained  bj  ualnp  thn  frinnnla  FV  =  RT,  or  R  =  -— i  ftnd  Uioti  lub- 

■titntinglhe  TBliiea  forF,  V,  abd  '1  for  a  pnn.  raolecale  at  any  ^ven  vnlnoi  of 
fKBHiir*,  vftlmn^.  »r'l  temptni(Lir&  corrpBfiondlDg  to  ere  anoltii^r-  Thuii  a  prm, 
moloculo  at  if  C-  Im^  p.  ^ jIudio  of  SS^USO  o,^^.  a  prtfi^urc  oF  7fl  cm.  of  mt^rtury 
=  7Gj(13'4''D81  dyni^n,  uncJ  T  ia  273  i>n  abtaluif  etole.  Alao  1  Bmall  calory 
i-ia*10*  djnea,  and  oxi  aubfltiluiing  Lbf*i:  valaeft  iii  iUv  aWvo  cqualiun  wo 
<ibtaui  fur  the  Talim  of  K  lu  small  oalorfeii : — 

Eaa;^n^T6xi3Jt'>8i 
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to  0042  kilogram- metres,  and  multiplying  by  this  iactor,  wc 
obtain  1214  X  0042  =  oOy  tdlogram-mctrca  aa  the  work  done  by 
the  kidneys  in  secreting  the  urea  against  osmotic  preaanie.  The 
work  done  in  Himilerly  secreting  the  wxlium  chloride  is  leas  than 
10  kilogram-nietrea,  ab  can  be  ahairn  by  a  similar  culculdtion,  and 
these  two  form  the  chief  amount  of  the  work  done  againat  osmotic 
preaaure,  hecouee  the  amount  of  the  other  constituents  is  com- 
paratively low. 

The  estimate  of  100  kilogram- metres  would  therefore  be 
oertainly  above  the  amount  of  txital  work  done  by  the  kidneys 
in  the  twenty-four  hourSn  and  it  must  be  pointed  out  that  tKia 
amount  is  by  no  m^Eina  large.  Expressed  as  heat  it  would  only, 
if  it  were  all  taken  as  heat  from  the  urine  eccrctedf  lower  tho 
temperature  between  1**  and  2°  C. 

The  odinotic  pressure  of  a  secretton  expressed  as  a  hydroAtatio 
prPMure  may  give  a  very  high  value;  thus  Dreser  found  in  the 
morning  urine  of  man  a  lowering  of  the  freezing  point  amounting 
to  23'^  C'.,  which  corresponds  to  an  osmotic  preaaure  of  2H2  metres 
of  water,  or  over  30  atmospheres  of  proesure. 

In  the  urine  of  other  animals  still  higher  osmotic  presaurea 
are  obtained  ;  thus  ia  the  cat  an  osmotic  pressure  of  4fl,W0  grm. 
per  square  centimetre  was  calculated  by  Diea^r,  and  the  statement 
is  made  that  if  the  work  of  concentration  were  carried  out  by 
the  cells  of  the  kidney  tubules,  these  reeulta  would  imply  that 
theae  cells  can  exert  a  force  six  times  greater  than  the  absolute 
force  of  human  muBe!e  (8CXX)  grm,  per  square  centimetre). 

^uch  a  statement  and  such  a  view  as  to  the  action  of  the  cells 
of  the  tubules  is.  however,  a  highly  absurd  one.  The  kidney  cells 
do  carry  out  the  work  of  concentration^  but  we  have  no  evidence 
that  they  exert  or  resist  the  least  possible  pressure  in  the  process. 
Although  the  osmotic  pressure  is  so  high,  the  amount  of  energy 
change,  as  ih  shown  by  the  calculation  given  above,  is  comparatively 
very  small,  and  the  work  of  the  kidney  cell  conaiflts  in  supplying 
this  small  amoujit  of  energy,  from  energy  in  another  fornii,  by 
transformation  of  a  corresponding  small  amount  of  the  energy 
which  it  takes  up  as  nutrient  matter  from  the  plasma.  That 
anything  approximating  tc  the  oflmotic  pressure  of  the  separated 
^lopa  in  this  pnx:eHa  of  en&rgy  transformation,  or  Indeed 
is  any  pressure  developed  whatever,  wc  possess  not 
^^^H  fi&ction  of  e^erimental  evidence.    All  that  is  known 
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Or  the  energy  changea  may  be  brouglit  about  by  otiemicftl 
ecmbiDfltionfi  ard  diasociationa  in  the  cell. 

But  whatever  view  be  taken  aa  to  the  mode  of  operation,  it 
i»  dear  from  the  experiiuental  study  of  the  selective  rates  of 
passage  of  dissolved  aubatantea  through  the  cell  that  what  might 
be  termed  *"pohir"  propertiea  must  be  ascribed  to  the  cell  in 
its  phenomena  of  secretion  and  absorption-  This  is  not  theory 
but  experimental  fact.  It  is  seen  that  mnny  aubfttances  paas 
through  the  cell  several  times  more  rapidly  than  the  solvent,  while 
others  pass  through  more  slowly.  la  the  cose  of  those  whJcli 
paaa  through  more  rapidly,  work  in  giving  velocitj  to  these  mole- 
culcB  or  ioiiB  and  in  increaaiiig  osmotic  euergy  muat  be  done  by 
the  cell.  Tt  is  clear  Erom  this  that  the  amount  of  aoWent  ia  which 
any  given  quantity  of  a  constituent  is  dissolved  need  never  euter 
the  cell,  but  instead  the  dissolved  substance  be  attracted  ani  moved 
through  the  solvent  toward  and  into  the  cell  by  the  energy  of  the 
cell ;  juat  aa  independent  velocities  are  given  to  the  iona  towards 
the  electrodes  by  the  electric  potential  ou  the  electrodes  without 
the  solvent  between  the  electrodes  moving  at  the  same  rate  towaide 
either  ele^^trode.  ThuB  there  may  only  be  a  slow  current  of  water 
through  the  cell,  with  a  slow  uptake  of  water  from  the  lymph,  and 
a  much  more  rapid  current  of  dissolved  aubatancea  and  corre- 
aponding  increase  in  cancentration  of  these  in  the  aeoretion  or 
absorbed  fluid. 

li  the  water  containing  the  dhiflolved  euhatancea  were  taken 
up  at  the  same  rate  by  the  secreting  cell,  then  in  order  that  the 
secretion  could  become  more  concentrated  in  any  constituent 
it  would  be  necessary  that  at  intervah*  water  should  be  returned 
or  pressed  out  agsin  at  the  aide  of  the  cell  at  which  it  entered, 
contaming  the  constituent  which  was  to  be  concentrated  in  more 
dilute  aohitimi-  It  hence  appi^ars  more  probable  that  instead 
of  such  a  to  ail  1  fro  movenusnt  nl  water,  the  dissolved  snhatauces 
are  taken  up  upon  the  entrance  side  oJ  the  cell  more  rapidly 
than  if  they  passively  moved  in  with  a  corresponding  amount 
of  water. 

That  this  view  is  probable  is  seen  from  the  onormoaa  amount 
of  water  which  would  have  to  pass  into  and  out  of  the  cell 
alternately  if  only  passive  absorption  of  water  tmd  its  dissolved 
subataoeea  formed  the  first  stage  in  the  process  of  secretion.  Thus 
in  the  secretion  of  hydrochtonc  acid  in  the  gastric  juice^  the  con- 
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centration  of  the  bydrogca  ion  has  to  be  increaaed  from  an  almost 
immeaauiablj  low  concentration  in  the  plasma  up  to  about  the 
streiigth  of  a  deci-normal  eolutionn  and  to  do  this  by  paaaive 
fthsorption  an  enormous  amount  of  water  must  enter  the  secreting 
cell  and  be  again  rejectpd  at  tlie  same  side  at  which  it  entered. 
Again,  in  the  eecretion  of  urea  In  the  urine  75  kilograms  would 
have  t<j  enter  and  pass  through  the  kidney  cells  and  be  reabsorbed 
in  order  to  eoncentvate  and  separate  the  daily  output  o(  urea. 
Abe,  in  absorption  from  the  inteetitie,  to  take  up  a  meal  of  1^ 
grm.  of  carbohydrate  or  fat  in  one  per  cent,  aolution,  which  is 
probably  in  excess  of  the  concentration  at  whicit  these  footl-attiffs 
are  normally  absorbed*  it  would  be  necesflaiy  for  15  kilograms 
of  water  to  be  taken  up  by  the  abaorbiug  celb*  and  cither  returned 
by  alternating  back  streaoia  ioto  the  intestine  free  from  carbo- 
hydrate or  fat,  or  eke  poured  into  the  blood  stream.  Such  an 
amount  is  probably  much  in  exceSH  of  the  sam  of  the  water  taken 
with  the  food  and  the  combinetl  digestive  aecretions. 

Hence  wo  raiiet  suppose  that  the  cell,  whether  absorbing  or 
secreting,  does  not  undergo  passive  infiltration  by  the  Quids  In 
contact  ttitb  it,  and  allow  these,  or  even  the  water,  to  stream 
through  passively,  but  is  an  active  eriergy  machine,  and  takes  up 
the  various  couatituents  and  their  aolvent  in  definite  and  well- 
regulated  proportions. 

For  the  reason  stated  at  the  outset,  the  amounts  of  energy 
involved  in  the  formation  by  the  eel!  of  the  new  organic  conatJtuents 
of  the  BPcretion  not  prespnt  in  the  plaHuin  cannot  at  present  he 
estimated,  and  &q  we  pass  to  a  conaideiiition  ol  the  extrinsic 
mechaniflma  of  secretion. 
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AUeraliona  in  the  Blood  Supply  to  the  Secreting  OUtnd. — Accom- 
panying the  increased  amount  of  physiologieal  work  which  the 
secreting  cells  have  to  perEorm,  there  ia  always  during  seeretion 
an  increase  in  the  amoujit  of  blood  supplied.  Thi<i  ii»crease  was 
eatimattid  by  Chauveau  and  Kaufmaun  in  the  case  of  the  sub- 
maxillary  salivary  gla.nd  as  amounting  to  three  times  the  blood 
supply  in  the  resting  condition  of  that  gland,  but  according  to 
more  recent  experiments  by  Barcroft,  it  may  in  the  dog  be  set 


168       EXTRTN"STC  MECHANISMS  OF  SECRETION 


down  a^  amounting  to  more  nearly  six  tJines  the  blocd  supply 
in  the  rosting  condition. 

Comparative  analyses  of  the  blood  gasea  in  the  actonal  blood, 
and  thfl  venous  blood  passing  from  the  gland  nhow  also,  aiw^nrdiiig 
to  Bflrcroft's  ejcjierimenta,  that  the  ftiiioiuit  of  OKygen  used  by 
the  gland,  and  alao  the  amount  o£  carbon -dioxide  fDrrned,  as  shown 
by  the  aum  of  the  inOTease  in  the  venous  blood  and  the  amount 
in  the  saliva  formed,  both  increase  during  activity  much  above 
the  amounts  eimilarly  determined  in  the  case  of  the  resting  gland, 
pointing  to  increased  (rhemiiial  lictivity  during  secretion. 

Thus,  Barcroft  found  that  during  secretion  of  saliva  by  the 
submaxillary  gland,  induced  by  stimulation  of  the  chorda  tympani, 
the  oxygen  takou  from  the  blood  wus  increased  to  an  amount  which 
wai  three  to  four  times  that  taken  up  by  the  resting  gland.  The 
curbon-di Glide  given  out  by  the  glatu3  whs  also  inereaaed  under 
the  same  cirnumstanci^s  ti3  an  tqual  or  even  g^eat^ir  amount.  While 
after  an  injection  of  atropin  au^cient  to  cauae  paralysis  of  the 
aocretion  the  intake  of  oxygen  was  not  increased  by  stimulation 
of  the  chorda  tympani,  on  the  other  hand  the  output  of  carbon- 
dioxide  waB  increased,  at  leaat  for  a  time. 

In  the  ease  of  the  pancreas  Barcroft  and  Starling  found  that 
the  aecretion  was  also  accompanied  by  an  increased  oxygen  absorp- 
tion from  the  blood,  and  that  this  increased  oxidation  took  place 
irrespective  of  increased  blood  flow  through  the  organ.  These 
obaervere  also  found  that  the  normal  oxidation  in  the  pancreas 
was  much  greater  than  ir  the  hfuly  generally,  and  about  the 
same  as  that  oi  the  aubrnaxlliary  glaud. 

In  experiments  upim  the  metabolism  in  the  kidney,  Barcroft 
and  Brcdio  found  that  the  production  of  diuresis  was  accompanied 
by  a  marked  increase  in  the  absorption  of  oxygen,  although  there 
was  no  direct  proportionality  in  oxygen  absorption  and  degree 
of  diuresifl.  The  autliorti  found  no  Jefniite  relation  between  the 
oxygen  taken  in  and  the  carbon-dioxide  given  out,  and  also  that 
the  onset  of  dmrcsia  was  not  necessarily  accompamed  by  an  increase 
in  the  rate  of  blood  flow  through  the  kidne5%  and  even  whore  an 
increased  6ow  was  found  it  was  never  proportional  to  the  accelera- 
tion of  the  uriiiiiry  flow. 


NERVOUS  SYSTEM   AND  SECRETION  1G9 


lyrLUENCE  OP  TfiK  Nervoos  SrsTEM  iTTON  Secretion 

The  profound  mflueoce  of  the  nervoii*  syatem  upon  secretion 
IS  in  the  cb^  of  r^rtain  glaiiduUr  Btru(;tures  a  matter  of  common 
experieunff.  Thua  it  m  well  kuown  to  us  that  the  i4lgh.t  or  amell  of 
food  ofteu  provokes  salivary  aecietion,  or  cauaea  the  month  to 
water,  in  everyday  parlance  ;  but  the  effect  of  the  nervous  syatem 
is  iiL  the  case  of  other  glands  moat  difHcult  to  prove,  and  may  be 
BEud  in  certain  cases  not  even  yet  to  have  been  unequivocally 
demonstrated-  Certain  it  is  in  some  caaea  fmm  the  recent  ei- 
petimenU  of  BayUw  and  Starling  that  this  nervous  stimulation 
cannot  be  regarded  aa  the  sole,  if  inclecd  the  most  fundamental 
and  important  factor ;  and  we  shall  aee  in  the  next  section  that 
it  must  be  regarded  as  supplemented  or  replaced  by  the  important 
Aotioa  of  chemical  stimulation  and  the  production  of  apeci£c 
secretory  aiibetancea  which  act  upon  the  secreting  cells  after  having 
been  &1>aorbed  by  the  circulating  blood. 

Ab  has  beeu  well  pointed  out  by  Fawlow,  it  is  dacgeroua^ 
in  the  case  of  the  nervous  mcchamsmt^  of  ^crction.  to  generalise 
from  the  somewhat  simple  mechanism  of  salivary  secretion,  for 
the  secretory  innervation  of  the  whole  secreting  system  oF  glands, 
for  in  the  ca^  of  other  glands^  such  as  the  gastric  glands  and  pro- 
bably the  pancreas,  the  influence  o(  inhibitory  nervous  mcchamsma 
cornea  into  play  and  eomplioatea  the  problem.  Henoe  wa  are 
forced  to  consider  tbe  nervous  mechanisms  in  the  case  of  each 
important  secreting  gland  separately. 

Before  proceeding  to  the  separate  accounts,  however.  It  may 
be  well  to  point  out  the  general  resemblances^ 

In  each  case  where  an  influence  of  the  nervous  syatem  upon 
secretion  has  been  clearly  demonstrated,  it  has  been  shown  that 
a  complete  reflex  arc  exista.  The  nervous  stimulation  is  excited 
at  the  peripheral  endings  of  alTerenb  fibres,  which  excite  nerve- 
cells  in  the  central  netvoufl  system  and  cause  atimuii  to  be  dis- 
charged along  efferent  paths  to  the  secreting  cells.  In  the  case 
of  the  salivary  glands  the  afferent  channels  are  nerves  of  special 
sense,  either  the  optic  or  ophthalmic  nerves,  or  the  endings  of 
the  gustatory  nerves  in  the  mucous  membrane  of  the  month.  In 
the  caac  of  the  gastric  secretion  the  afierent  impulses  arise  at  the 
mucous  membrane  of  the  etomach  by  the  stimulation  of  peripheral 
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nerve-eiidings  tUrough  the  raediura  of  digoatiblo  &ubatanceB  present 
in  tbe  stomach,  or  through  nervea  of  spef^ial  sense  by  the  sight  of 
ajipfitising  food,  as  has  been  abown  by  tbe  eyperiment^  of  Pawlow. 

In  al!  casea,  the  efferent  nervous  impulaea  by  which  secretion 
ifl  escitcd  paaa  along  one  of  two  paths,  one  coming  directly  from 
the  central  nervous  system  and  the  other  indirectly  through  the 
aympathetic  nervous  syatem. 

In  the  case  of  tho  salivary  glands,  our  knowledge  of  the  efferent 
[uithii  beK>nga  tu  classical  aiiJ  wdl-est&bllahed  physiological  hiHtory, 
while  in  the  case  of  the  gastric  and  pancreatic  secretions  the 
cflerent  channcla  niay  be  aaid  atill  to  be  in  dispute,  and  indeed 
in  the  caae  of  tbe  pancreatic  secrotion  the  in^uenoe  of  the  nervous 
system  at  all  must  be  regarded  as  subj'udw^ 

The  fnnervalion  of  the  Salivnrtf  (tUliuI'!  — Each  of  the  important 
paired  salivary  glands  receives  efferent  libres  from  two  ftourc^a, 
via,,  directly  from  a  cephalic  nerve,  and  indirectly  from  the 
sympathetic  syetom.  Over  fifty  years  ago  Carl  Liidwig  showed 
in  the  case  of  the  aubmaxillary  glaud  that  the  gland  possessed 
a.  special  secretory  nerve,  the  chyrda.  tympani,  which  on  atimuJation 
called  into  activity  a  copioiia  secretion  of  saliva.  The  flow  of 
aaliva  waa  large  in  quantity  but  poor  in  organic  constituents  and 
in  the  flpticific  fenneat.  About  twenty-five  years  later  Heidcnhain 
demonstrated  that  the  gland  also  tecoived  aecrotopy  fibres  from 
tbe  cervical  sympathetic,  which  evoked  a  flow  of  saliva  small  in 
hital  quantity  but  rich  in  organic  constituents  and  in  the  apecific 
ferment  produced  by  the  glan<l. 

Ah  a  rcBult  of  hia  espenmcnta,  Heidcnhain  evolved  the  theory 
that  the  aaUvary  glands  poaaessed  two  seta  oC  accretory  fibres, 
one  obtained  from  the  cephalic  nen'e  and  poaseasing  the  property 
of  evoking  a  flow  of  water  and  saline,  and  tbe  other  obtained  from 
the  sympathi^tic  system  and  reaponsible  for  stimulating  the  secretion 
of  organic  subatancea  and  the  specific  ferment  which  he  termed 
the  '*  trophic  "  or  "  anabolic  "  nerve. 

This  view  of  HeidenhainK  waa  subsequently  generahsed  for 
secretion  in  general  without  adequate  experimental  proof.  In 
the  caee  of  tbe  submaxillary  gland,  however,  it  must  be  admitted, 
from  the  clear  experimental  evidence,  that  of  the  two  efferent  seta 
of  fibres  which  govern  the  secretion  of  the  gland,  one  induces  a 
free  How  of  dilute  aahva  poor  in  organic  constituents,  while  the 
other  causes  a  scanty  fiow  of  a  richer  saliva.     Also,  as  shown  by 
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Langley,  alternate  stimulation  ol  the  two  nerves  oaoses  an  increaae 
in  the  amount  of  saliva  whlcK  would  arise  Erocn  stiniulatioa  of  tli« 
pyrnpaUiet-ifl  only,  ant]  indkatefi  that  iri  normal  seiTt^tuin  there 
IB  a  conjoint  action  of  tlie  two  efferont  nerves,  giving  riae  to  the 
UBual  secretioiL-  Hence  wo  must  regard  the  cliorda  tytnpani  aa 
largclj*  responaiblo  for  the  flow  of  water  and  sahno  constituenta, 
and  th@  svmpnthetic:  as  reHponsible  for  the  fltimulation  of  tiie  gland 
cella  to  the  production  of  the  organic  constituents  and  femient. 

TJie  liifiervtilivn  o/  the,  Oaalric  Glatidis. — The  gastric  glands,  like 
&U  the  otlwr  digestive  glanJa,  are  supplied  by  two  sets  of  nerve- 
fibroa*  ono  cercbro-epiQal  and  the  other  sympathetic.  In  the 
Cftse  of  the  stomach  the  ceiebro-Hpinal  iibrBs  are  supplied  by  the 
vague  and  the  sympathetic  fibres  are  derivRd  from  the  solar  plexus. 
The  prodf  that  thpae  fibres  poaseaa  an  effect  upon  the  proceas 
Mcreljon  by  the  gaatrio  glands  has,  however,  been  exceedingly 
lit  to  obtain  unequivocally  by  experiment,  mainly  on  account 
of  the  important  nerve  supplies  to  other  organs  and  regions  which 
accompany  the  gaatric  nerve-fibres  in  the  vagus,  Aa  a  result 
of  this,  section  or  stimulation  of  the  vagus  gives  rise  to  profound 
effects  other  thati  those  upon  the  secreting  cells  of  the  gastric 
mucous  membrane,  which  obscure  and  mask,  or  intertore  with, 
the  effects  upon  secretion,  and  henco  it  was  only  by  ingenioiis 
methods  of  avoiding  eueh  results  that  Pawlow  and  hie  co-workera 
were  able  to  demonstrate  that  the  vagus  contained  excitatoiy 
fibres  for  the  secreting  cells.  Several  of  the  earlier  workers  upon 
the  Bubject  found  that  section  of  both  vagi  in  the  neck  led  to 
suppression  of  the  gastric  secretion  i  but  this  double  operation 
performed  at  one  time  leads  to  such  profound  disturbancea  that. 
ma  Pawlow  points  out,  it  had  little  effect  in  encouraging  a  belief 
in  a  causal  connei^iion  between  the  vagus-fibres  and  gastric  secre- 
tion^  HincB  it  is  not  to  be  wondered  at  that  an  operation  which  in 
a  short  time  brings  the  whole  functions  of  the  organism  to  a  stand- 
atill  should  amongst  other  thijigs  disturb  the  action  of  the  gastric 
glands.  An  attitude  of  eautioQ  towards  the  reaults  of  an  experi- 
ment with  such  drastic  consequence  was  suggested  by  the  further 
experiniient  of  RchifF,  of  dividuig  the  vagi  beneath  the  diaphragm 
in  tlogs,  when,  especiftUy  in  young  animals,  there  was  good  recovery 
and  the  animals  lived  in  escellcnt  health  after  the  operation.  Also 
Rutherford  fcjund  that  gastric  aocretion  could  be  formed  after 
snction  of  both  vagi,   or  of  both  Bplanchnicft-     Similarly  Pawlow 
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found  much  more  recently  that  even  after  double  vagotomy  the 
etomsfh  h  ca^iaM^  of  propanng  its  specific  Sf^eretion  in  the  absence 
of  vagal  influeuce. 

Rut.  as  Pawlow  pointa  oat^  this  does  not  settle  the  problem  &fl 
to  wliether  the  vagus  coutaiiiB  fibres  which  influence  the  secretion, 
and  he  adduces  evidence  going  io  show  that  the  vagus  probably 
contamfl  both  excitatory  and  inhibitory  fibres  for  the  secreting 
eellfl  of  the   stomach. 

It  is  only  by  careful  comparison  of  the  secretory  activity  of 
the  Htoniftch  before  anil  after  vagotomy,  and  by  fltimulation  of 
the  peripheral  end  cf  the  nerve  in  audi  a  manner,  or  after  such 
procedures,  that  other  efiecta  upon  the  heart,  &c-,  are  not  excited, 
that  we  can  jud^e  as  to  any  possible  c0ect  upon  secretion. 

Previous  to  Pawlow'e  more  detailed  experiments  as  to  the 
paths  along  whi<.'h  efferent  stimuU  pass  to  the  secreting  cells,  it 
had  been  showii  Fairly  clearly  that  the  gaittrifi  aeeretion  could  be 
called  forth  bj  reflex  nervous  methanism.  Thus  Richet  showed 
in  the  cosg  of  a  hoy  with  au  inoperable  and  complete  stricture 
of  the  cej^ophagua  oocaaioned  by  swallowing  caustic  alkah,  upon 
whom  a  gastrotomy  had  been  performed,  that  soon  after  taking 
anything  sweet  or  acid  into  the  mouth  a  secreticn  of  pure  gaHtric 
juice  occurred,  which  tould  aocortliogly  only  be  excited  by  a  reflex 
ncrvoufl  stimulus.  Bidder  and  Schmidt  also  showed  that  the 
sight  of  food  in  a  dog  with  a  gastric  tistula  led  to  a  How  of  gastric 
juioe.  The  experiment  of  Ricbet  was,  however,  an  isolated  one, 
and  in  thoHP  nf  Bidder  and  Schmidt  the  stimulus  might  have 
been  a  direct  one  due  to  swallowed  aaUva. 

To  Pawlow  belongs  the  credit  of  having  devised  most  ingenious 
methods  for  studying  the  secretion  of  the  gastric  juice  ;  the  reflex 
influence  of  the  nervoua  Hyfltem  upon  the  secretion,  and  the  efferent 
path  by  which  the  reflex  travelled  ;  as  also  the  effects  of  different 
forms  oi  food  upon  the  amount  and  properties  of  the  secretion. 

A  method  for  studying  the  accretion,  apart  from  any  influence 
of  the  contact  of  sahva  or  ewalJowed  food,  was  obtained  by  making 
a  fistula  of  the  avsophagus  in  the  ivcck  in  addition  to  the  usual 
gastric  fistuJa.  After  the  double  operation  the  effect  of  "  •psychical " 
Btimulation  could  be  studied  by  shoimtaj  appetising  food  to  the 
animal  but  not  allowing  it  to  chew  or  swallow  it,  when  a  copious 
flow  of  gastric  juice  reaiilted  after  a  latent  period  of  about  five 
minutes.     Also  the  effect  of  sham  feeding  was  invostigatodj  in  which 
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the  animal,  in  addition  to  being  ahown  tlie  food,  waa  allowed  to 
chew  and  swallow  it ;  but  the  food  dropped  out  at  the  ccflophageal 
fistula,  and  did  not  enter  the.  stomach  and  «o  excite  it  by  direct 
cotttaet.  In  this  method  oE  sham  feeding  the  flow  of  gaatric  ju.ice 
was  soiiiewbat  greater  in  most  ea^es  than  where  the  aiTerent 
BtimuluB  oi^rurretl  from  the  sight  of  food  only  ;  but  the  increase 
was  never  very  marked,  and  in  the  case  of  some  foods  which  greatly 
excited  the  appetite,  the  paychienl  juice  or  "  appetite  juice  "  was 
as  great  or  even  exceeded  slightly  that  from  aham  feeding. 

Again,  Pawlow  waa  able  to  study  by  this  method  the  effect 
of  BtimulatJon  of  the  gastric  mucous  nmmbrftne  by  means  of  direct 
contact  of  the  food,  which  w&s  introduced  into  the  stomach  through 
the  gastric  fiatula  without  the  knowledge  of  the  animal,  when  it 
waa  aeleep,  or  when  its  attention  was  strongly  excited  in  some 
other  direction.  In  this  case  there  is  an  absence  ot  the  ordinary 
excitants  of  appetite  in  the  sight  and  smell  of  foud,  and  in  the 
operatione  of  chewing  and  tasting  it.  Here  it  waa  found  that  the 
effect  upon  secretion  varied  with  the  character  of  the  food,  and 
that  contrary  to  what  might  perhaps  have  been  expected,  digeatjbte 
proteid  food  did  not  always  prove  to  be  a  strong  excitant  to  a 
flow  of  gastric  juice.  Thus  milk  or  a  solution  of  wliJte  of  egg  intro- 
duced into  the  stomach  gave  rise  to  scarcely  any  secretion,  not 
any  more  than  a  quantity  of  water  or  dilute  saline  solution.  Bat 
meat  broth,  meat  juioe,  or  solutions  of  meat  extracts  gave  rise 
in  all  cafies  after  a  latent  period  of  a  few  minutes  to  a  consideiahle 
flow  of  gastric  jui(?a.  The  number  of  such  direct  excitants  of  a 
flow  of  juice  was.  however,  found  by  Pawlciw  to  be  small,  being 
almost  contined  to  certain  constituents  of  flesh  food,  wtiich  are 
also  found  in  meat  extracts.  Thus,  fats,  carbohydrates,  and 
ordinary  proteida  were   without  any  effect. 

In  the  case  of  flesh  food,  Pawlow  showed  that  the  anionnta 
of  Btcretion  obtained  by  sham  feeding  and  by  direct  introduction 
of  the  flesh  into  the  at^mach,  wlien  added  togt^ther  approximately, 
equalled  the  amount  of  secretion  when  the  animal  ate  the  food. 
and  the  food  which  dropped  out  at  the  ciaopbagenl  fistula  waa 
placed  in  the  stomach - 

Accordingly  the  excitation  to  secretion  through  the  nervous 
system  may  be  divided  into  three  fractions :  viz.  [1)  that  due  to 
the  sight  and  smell  of  the  food  ;  [2)  that  due  to  the  taate,  maatica- 
tion,  and  awailowing  of  the  food  ;  and  (3)  that  due  to  the  contact 
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of  the  food  with  the  stomach.  And  of  these  three  the  first,  acKM^rd- 
ing  to  Paw]ow*B  experiments,  ia  responsible  for  the  greater  portion 
of  the  flow  of  secretion. 

The  Bta.tem«nt  that  mere  mechanical  irritation  of  th?  gastric 
mucous  membrane  by  cnntai^t  with  foreign  boiliert  U  an  eEHcient 
atimuluB  to  provoke  a  Sow  of  gaatric  juice  ia  so  often  made  in 
physiological  text-books,  that  it  may  be  well  to  state  that  Pawlow 
entirely  ileniea  euch  an  iu^ucnce,  and  fitatca  that  the  most  thorough 
and  prolonged  irritation  of  the  mucous  aurface,  with  a  glass  Tod 
or  feather,  or  by  the  blowing  of  sand  into  the  stfimflch,  is  int'apable 
of  causing  a  single  drop  of  secretion. 

Another  experimental  method  of  great  importance  dcviaed 
by  Pawlow,  both  for  investigatiiig  the  cSect  upun  aecretion  of 
various  forms  of  foods  and  for  studying  the  innervation  of  the 
gland."*,  was  that  nf  forming  a  miniature  stomach  completely  lined 
by  mucous  membrane,  and  possessing  its  nerve  supply  intact, 
jet  completely  shut  off  from  the  m^n  stomach.^  Difierent  foods 
ooold  be  introduced  into  the  main  stomach  by  the  usual  proceaa 
of  feeding,  or,  in  certain  other  animals  in  which  the  method  of 
operation  above  described  of  oeaophagotomy  and  ordinary  gaa- 
trotomy  had  been  performed  in  addition  to  the  formation  of  the 
immature  stomach,  the  fEXnl  c^iidd  be  introduced  <lirectly,  into 
the  fltomach,  or  paychical  or  aham  fee<ling  coidd  be  [:arried  on. 

Since  the  mucous  membrane  ia  not  injured  in  the  operation, 
and  the  aerve  supply  la  left  intact,  the  small  pouch  of  mucous 
membrane  isolated  becomes  a  faithful  mirror  or  index  of  what 
ia  occurring  in  the  main  atomaob.  Accordingly  the  rate  of  secretion 
and  the  i^uahty  of  the  secretion  can  be  studied  throughout  the 
whole  process  of  digestion  of  a  meal  of  any  type,  and  also  the 
innervation  of  the  glands  can  be  tested  by  observing  the  effects 
of  section  and  stimulaiion  of  the  nerves  supplying  the  atom^eh. 

We  may  now  reriim,  after  the  above  short  sketch  of  the 
methods  by  which  Puwlow  prepared  the  stomach  for  experimenta- 
tion, and  observed  the  reUex  effects  of  the  nervous  system  upon 
gastric  secri'tion,  to  the  experiments  by  which  the  same  observer 
studied  the  efferent  path  in  the  vagus  of  the  reflex  excitation  of 
the  secretion. 


'  Fui  tbfl  Ubtatld  uf  tbi»i  iu^eDiuuB  apoiatieii  the  reader  Ir*  referred  tt>  ih&t  Eqcsb 
laterefiLJng  bwk,  "  The  Work  of  thi^  DigntlTS  Qluida%"  hy  J.  F.  ?an]uw»  Eiiglifrh 
truibblioti  l>y  W.  H.  Thoupfpou ;  GilfGn,  Londoa,  13{V*. 
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Ab  has  already  been  etatod.  the  otlier  functiotiH  of  the  vague 
are  flo  important  that  the  efFeeta  of  the  nerve  upon  gastric  aecietion 
cannot  be  ohaerved  by  the  usual  simple  methods  of  section  and 
of  stin^Ution  of  the  nerve,  without  certain  preliminary  operatiorifl 
which  allow  oi  sectiou  and  atimiilation  without  calling  forth  an 
interference  at  the  same  time  with  other  important  functiona. 
The  procedures  differ  somewhat  accordinp  to  whether  the  efiecta 
of  section  or  of  »limulfttion  oE  the  vagun  are  to  be  tested,  and  hence 
it  in  l)etter  to  deaeribe  each  esperiinent  aeparatelj'. 

Ejects  upon  Oastric  Sccrttion  of  Section  of  the  Vagal  Fxbrea. — 
The  operation  is  carried  out  upon  a  dog  in  two  stages.  In  the  first 
stage  an  ordinary  permanent  gaatric  fistula  &tt«d  with  a  metallic 
cannula  is  made,  and  in  addition  an  0380phagQal  tistula,  &o  that 
the  mouth  is  cut  oil  from  all  com munr cation  with  the  cavity  of 
the  st*jniai'h.  At  thti  same  nperatitm  the.  riglit  vagus  nerve  is 
divided  below  the  point  of  exit  of  the  recurrent  laryogea!  and 
cardiac  btanche-,^,  ao  that  on  any  subecquert  sectic^n  at  a  later 
■tfige  of  the  left  vagus  the  vagal  control  of  the  larynx  and  heart 
will  still  he  left  in  action.  If  at  some  time  after  recovery  from 
the  operation  fooil  m  offered  to  the  aniuml  anfl  in  eaten,  it  of  course 
drops  out  by  the  cesophageal  fistula  and  nothing  reaches  the 
atomauh.  Under  auch  circumstances,  however,  and  although  the 
gastric  fibres  of  the  vague  on  the  right  aide  have  been  completely 
severed,  a  copious  flow  of  gaatric  juice  is  obtained  which  starts 
About  five  minutes  after  the  eommeneement  of  the  sham  fspdiug. 
If  nuw  the  left  vaguH  be  diHsected  out  and  severed  there  ia  no 
profound  general  Jisturbanec  of  functions,  because,  although  the 
pulmonary  and  abdominal  vaj^al  flbrea  oo  both  sidea  are  paralysed, 
the  laryngeal  and  cardiac  Mjres  on  the  right  Aide  are  stiM  intaet- 
If  a  process  of  sham  feeding  he  now  commencedj  although  the 
dog  takes  and  swallows  the  food  greedily,  no  secretion  of  gastric 
juice  ifl  evoked  by  the  process,  not  a  single  drop  flowing  from  the 
gaatric  tiatula. 

In  the  same  animal  in  which  the  above  procedures  had  been 
carried  out  the  right  vagus  was  at  a  later  period  divided  in  the 
FjMofc^  yet  the  anlnial  continued  in  perfiKl  health  and  enjoyed  ita 
life  to  the  full*  altliough  both  cervical  vagi  were  now  severed. 
Double  cervical  vagot-omy  was  abo  carriftl  out  in  similar  fashion 
npoD  a  aecond  dog,  which  survived  the  double  operation  for  months. 
In  both  these  animals  after  the  severance  of  the  second  vagus, 
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sham  feeding  waA  Found  never  to  ^ve  rise  to  &  secretion,  sltliongh 
often  tested . 

In  addition  to  demonstrating  that  the  vagtia  ia  at  any  rate 
tho  most  important  ofEctcnt  channel  for  reflex  stimulation  of  the 
gastric  secretion,  these  Rxperiments  clearly  demonstrate  that  the 
profound  and  fatal  effects  of  double  cervical  vagotomy  carrieii 
out  at  one  operation  are  dne  to  the  sudden  ahock  of  complete 
removal  of  vagal  control  from  the  heart,  respiratory,  and  alimentary 
systems,  and  that  compensation  can  occur  and  prevent  the  fatal 
result^  if  the  operation  be  carried  out  piecemeal. 

Although  sham  feeding  calls  forth  reflexly  no  dow  of  secietion 
after  the  vagal  fibrea  have  been  completely  severed,  it  must  not, 
however,  be  hastily  aaAuoied  that  no  secretion  can  occur  under 
any  circumetancea  after  the  vagal  fibres  have  been  so  thrown  out  of 
actioTi^  for  both  Pawlow  and  other  observers,  as  already  mentioLed, 
have  observed  secretion  under  such  conditions.  Whether  such 
HetTeuon  i:*  due  to  stimulation  through  other  nervtma  tihannels 
such  as  the  sympatbetiu  fibres,  or  to  absorption  of  chemical  sub- 
stances  which  cause  direct  chemical  stimulation  of  the  gland  cells, 
is  still  doubtful,  but  recent  work  goes  to  show  that  such  direct 
cljeinical  action  upon  the  eella  is  a  very  probable  cause  of  secretionn 

Eficts  an  Gajtric  J^etyretian  of  Stimtilolion  of  the  J'srijiherai  JCwi 
of  tite  iSevered  Cen}icitl  Ftiguit. — Tlie  experiment  of  vagus  atimulatinn 
yields  results  entirely  confirmatory  of  those  obtained  by  section 
of  the  nerve,  but  simifar  preliminary  precautioiia  are  necessary. 

jVfter  gastrotomy  and  tcsophagotomy  have  been  previously 
carried  out  as  before  described,  one  vagus  (the  right)  is  cut  through 
as  before  below  the  cardiac  and  laryngeal  branches,  then  the  other 
vagus  is  cut  througli  in  the  neck,  and  after  a  length  has  been  dis- 
sected out  and  attached  to  a  ligature  it  is  left  in  situ,  and  the  wound 
closed  up  for  a  period  of  three  to  four  days.  The  stitches  arc  then 
carefully  removed,  exposing  the  nerve  for  stimulation,  and  this 
is  stimulated  with  slow  rhythmic  induction  shocks  at  intervals 
of  one  to  two  seconds.  A  secretion  of  juice  is  invariably  obtained 
from  the  empty  stomach  as  a  result  of  such  stimulation.  The 
object  of  waiting  for  three  or  four  days  after  section  of  the  vagus 
is  to  allow  time  lor  the  cardiac  libres  to  degenerate,  which  process 
appears  to  occur  earlier  than  the  degeneration  of  the  secretory 
fibres  to  the  stomach. 

After  obtaining  positive  results  regarding  the  eEereiit  function 
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of  the  vflgiifl  in  gastric  aecietion  by  tbia  ao-called  "chronic" 
method,  Pawlow  and  his  co-workera  return&d  to  the  attempt  to 
obtain  evidence  by  the  ao-called  "acute'*  method  of  stimulation 
of  the  pedpberal  vagus  immediately  after  section.  The  experi- 
mental prooeduro  was  to  perform  tracheotomy,  bo  that  artificial 
respiration  could  be  carried  oOh  to  cut  the  spinal  cord  beneath  the 
medulla  so  as  to  throw  out  reflex  action  upon  the  gaatric  glandH^ 
to  aever  the  vagi,  keeping  the  peripheral  enda  attached  to  Hgaturea 
for  atimulation,  to  establish  an  ordinary  gastric  Gstula,  and  to 
ligature  ofi  the  stomach  from  the  ccaophagus  and  pylorus.  The 
reanlts  of  stimulation  of  the  vagus  in  these  acute  experiments 
were  not,  however,  invariably  the  sama  ;  in  more  than  half  of  the 
experinients  a  How  oi  secretion  was  obtained,  but  the  latent  period 
waa  pro!oLg«l  from  the  usual  five  niiiiutea  to  from  fifteen  minutes 
to  an  hour  or  more,  and  the  causa!  connection  of  a  secretion  occurring 
an  hour  after  stimulation  haa  commenced  is,  to  say  the  least  of 
it,  very  doubtful.  After  the  nerve  had  once  commenced  to  work^ 
however,  the  dependenca  of  the  secretion  upon  the  stimulus  became 
more  apparent,  for  on  removal  of  the  stimulua  the  process  of 
secretion  gradually  stopped,  and  on  renewal  of  the  ^tim^lJu^^ 
secretion  now  appeared  with  greater  rapidity,  Adminiatration 
of  atropin  stopp&d  the  societion.  Pawlow  explains  the  long 
latent  period  on  the  aaeumption  that  the  vagus  contains  in- 
hibitory ffbres  as  well  as  excitatory  fibres  for  the  gastric 
glands. 

Nothing  is  known  worth  recording  regarding  the  action  upon 
the  secretion  of  the  sympathetic  fibres  which  run  to  the  stomach. 
It  IB  almost  impossible  to  find  and  stimulate  these  after  they  leave 
Lho  sol&r  plexus^  It  has  been  stated  that  gastric  aeeretion  still 
persists  after  section  of  the  splanchnics  ;  but  this  fact  alone  proves 
nothing  aa  to  the  poaaibic  effect  of  these  nerves  in  initiating, 
inhibiting,  or  controlling  gaatric  aecrction. 

Innervation  of  the  Pancreas. — The  study  of  the  infiuenoe  of  ite 
nerve  supply  upon  the  secretory  activity  of  the  pancreas  baa  proved 
one  of  the  mo3t  difficult  and  perplexing  of  the  problems  of  gland 
innervation,  and  we  cannot  yet  be  said  to  be  in  possesaion  of  clear 
and  complete  information  as  to  the  influence  of  its  nerves  upon 
the  physiological  activity  of  this  moat  important  gland.  But 
the  study  ol  the  subject  has  indirectly  led  to  most  important  results 
in  the  discovery  of  the  fact  that  gland  activity  may  be  called  out. 
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apart  from  nervoua  activity,  by  the  chemicftl  action  directly  upon 
tbe  glaTid  cells  of  eubetancea  whioh  are  formed  in  cells  in  othor 
regions  away  from  the  gland,  and  are  carried  by  the  blood  stream 
directly  to  the  gland  cells. 

The  aubjpct  of  clieniicfti  stJrnulalbn  will  be  treated  in  a  sub- 
sequent flection,  and  wu  sliall  ht^re  dt^al  witli  the  flubject  of  pan* 
oreatio  innervation  which  properly  leads  up  to  tt- 

The  nerve  supply  of  the  pancrcaa  is  aimilar  In  plan  to  that 
of  the  Btomachf  being  provided  by  cere bro -spinal  fibres  coming 
(rom  the  vagi,  and  aympathotic  flbrea  derived  from  the  solar 
plerufl. 

The  methodfl  for  studying  the  effect  of  theae  nerves  upon  the 
secretion  of  pancreatic  juice  deviaed  by  Pawlow  and  hia  co-workera 
closely  resemble  th-one  employed  in  the  caae  of  the  gastric  aeeretion, 
with  one  important  exception,  namely,  that  no  means  was  deviaed 
similar  to  the  oesophageal  ^tula  for  preventing  escape  of  mati^rial 
from  the  stomach  into  the  duodenum,  as  &  result  of,  or  accom- 
panying,  the  stimulation  of  the  nerves.  This  dificcencc  is  of 
importance,  because  it  was  shown  by  the  workera  of  the  8t.  Peters- 
buTg  school  themselves  that  the  application  of  dilute  acid  solutions 
or  of  acid  chyme  to  the  duodenal  wall  gives  rise  to  a  copious  and 
long- con  tinned  ftow  of  pancreatic  juice.  This  flow  was  ascrib&l 
by  these  experimentera  to  a  stimulation  by  the  acid  of  afferent 
nerve-endingfl  of  a  local  reflex  nervous  mechaniflm  in  the  duodenal 
wall ;  but  it  was  later  shown  by  Baylias  and  Starling,  aa  we  shall 
Bee  in  detail  in  the  next  section,  that  the  liow  of  pancreatic  juice 
BO  obtained  was  not  due  to  a  direct  action  of  the  acid  upon  afferent 
oerve-endings  in  the  duodenumr  nor  iudee<I  to  nervona  mechaniam 
at  all,  but  to  a  chemical  action  of  the  acid  upon  a  substance  formed 
in  the  duodena)  mucous  membrane  cells  which  they  named  pfo- 
secretin.  This  pro-aecretio  ia  formed  durinf?  rest  in  the  duodenal 
cells,  and  when  acid  arrives  from  the  stomach  is  converted  into 
an  active  substance  called  secreiiiij  which  enters  the  blood  stream, 
is  carried  to  the  pancreatic  cella,  and  excitce  these  cells  to  secre- 
tion by  acting  aa  a  direct  chemical  stimulua. 

For  the  present,  what  concerns  us  here  as  a  preliniinary  to 
the  description  of  the  experiments  of  the  Pawlow  school  upon 
tbc  effect  of  atiinulation  of  the  vftgua  and  synipathetic  nerves 
on  the  process  of  pancreatic  secretion,  is  the  experimental  fact 
that  passage  of  acid  chyme  from  the  stomach  to  the  duodenum 
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capnble  of  cflllirLg  forth  &  secretion  of  pancreatic  juice.  It 
is  awordingly  just  as  important,  in  experimenting  upon  the 
electa  ol  nerve  atimuktioa  upon  secretion  b)'  the  pancreas,  to 
make  certain  that  no  chyme  pafec^  from  the  Btomach  to  tb« 
duodenum,  qb  it  ih  in  similar  experiments  upon  f!;aatnc  eecretion 
to  make  eortain  that  no  food  op  saliva  passea  Irom  the  mouth 
to  the  stomach,  upon  the  importance  of  which  Pawlnw  himnelf 
lava  great  stTesa  and  against  which  the  u^aophageal  fiHtula  waa 
Intended  to  guards 

The  absence  of  auch  a  precautionary   meaauro  Beriouely  in- 
validates the  result  of  many  of  the  earlier  experimenta  of  Pawlow 
and  his  collaboretora  on  the  etTeets  of  vagal  stimulation  upon 
pancreatic  secretion.     Thus,   while  Pawlow  invariably  obtained  a 
poaitive  effect  upon  pancreatic  secretion  as  a  reault  of  vagus  stimu- 
lation after  certain  prthminaiy  proceduiea,  wkich  will  presently 
I  be  deacribsd,  had  been  carried  out,  Baylias  and  Starling  were  quite 
unable  to  find  any  result  upon  pancreatic  secretion  from  Btimula- 
tion  of  the  peripheral  end  of  the  vaguw.     It  must  hence  be  regarded 
as  a  posaibility  that  in  Pawlcw's  eiperimenta,  as  a  result  perhaps 
of  stimulation  of  movement  of  the  atomach  by  the  vagal  excita- 
Ition,  that  acid    which   had   escaped   from  the  stomach  set  free 
aecretJn  from  the  duodenal   mucous  membrane,  and  this  in  turn 
directly  stimulated    the   pancreatic  cells,     Bayliss    and  Starling, 
rwhile  not  explicitly  denying  a  control  of  seeretion  by  the  vagus, 
[*tttte  that  they  have  not  m  several  experiments  been  able  experi- 
■  mentally  to  demonatrato  the  fact,  and  certainly  regard  the  chemical 
ifltimulus  as  the  adequate  and  efficient  one. 

Hence  judgment  must  be  reserved  regarding  the  control  of 
rthe  pancreatic  secretion  upon  the  nervous  side,  and  it  must  be 
[xeniembered  that  this  serious  defect  exists  in  the  experiments 
liitherto  made  ;  atill  the.  methods  used  may  here  be  described 
.from  their  intercEt  as  leading  up  to  the  discovery  of  the 
[chen^cal  control,  and  aa  the  ecperimental  basis  of  any  future 
attempts  at  a  study  of  the  influence  of  the  gland  nerves,  when 
the  additional  safeguard  has  been  jirovided  of  a  fistula  between 
[pylorus  and  duodenum,  or  the  separation  of  these  by  ligation, 
I  In  preparing  the  permanent  pancreatic  fistula  in  the  dogs 
used  lor  the  esperiments,  Pawlow  cmployod  a  slight  uiodification 
tof  the  method  used  by  Heidenhain,  Heidenhain,  in  preparing  his 
fiatuJc,  had   completely  resected  the  intestine  in  order  to  obtain 


B  short  piece  of  the  mteatine  Into  which  the  pancTeatic  duct  opecedt 
and  which  was  thea,  after  aplittiDg  open,  attached  to  the  abdoDaina-l 
wal],  tho  continuitj  of  the  intcatinc  having  of  course  bcon  restored 
by  suturing  together  the  two  enda  of  the  mte^tine  after  the  removal 
of  the  short  piece  containing  the  opening  of  the  pancreatic  duct, 
Fawlnw  improved  upon  this  by  merely  cutting  out  a  smtdl  oval 
patch  of  the  intcAtinal  wall  around  the  entrance  of  the  pancreatic 
ductf  and  then  reclosing  the  intestine^  which  was  only  slightly 
narrowed  by  thie  procedure.  The  amaSl  oval  patch  so  removed 
was  then  implanted  on  tbe  outaide  of  the  muscular  abdominal 
wall.  BO  that  the  pancreatic  secretion  wa^  now  poured  out  to  tho 
exterior. 

By  careful  nuraing,  adaptation  of  the  food,  and  administration 
of  aodjum  bicarbonate  so  as  to  make  good  the  Joss  of  alkali  due 
to  the  flowing  away  of  the  secretion  to  the  exterior,  dogs  with 
such  fistvilae  could  be  preserved  ahve  and  in  good  health  for  a  long 
time,  ajiil  after  reoove.ry  could  be  used  for  the  atu<3y  of  thft 
eifcct  of  alterations  in  the  nature  of  the  food  upon  the 
amOLint  and  quahty  of  the  pancreatic  sccrebion,  and  for  the 
inveatigation  of  the  electa  of  the  gland  nerves  upon  the  process 
of  secretion. 

In  Hueh  an  animal,  the  prehminary  procedure  to  studying  the 
effect  of  fltimulation  of  the  vagus  upon  the  seeretory  proeeas  is 
to  diaeect  out  a  portion  of  the  nerve  in  the  neck  and  cut  it,  afctaoh- 
ing  a  ligature  to  the  peripheral  end.  The  nerve  is  then  preserved 
under  the  skin  for  a  period  of  lour  days,  in  order  to  allow  time 
for  the  cardiac  fibtea  to  degenerate.  Aiter  the  lapse  of  this  time, 
the  Btitohea  are  removed  and  the  nerve  stimulated  with  alow 
induction  shocks-  Aa  a  result  of  etimulating,  it  is  found  that 
after  a  latent  period  of  about  three  minutes  a  flow  of  pancreatic 
juice  commences  and  gradually  inoreasee  in  quantity.  On  stopping 
the  stijiiulus  the  flow  does  not  instantly  stop,  but  contimies  in 
decreaaing  quantity  for  a  period  of  four  or  five  minutes  from  the 
cessation  of  the  stimulus.  Positive  results  were  also  obtained 
by  Pavflcw  by  the  use  of  the  so-called  *'  acute  "  method,  provided 
the  spinal  cord  waa  eut  to  avoid  reflex  inhibition  from  the  operative 
procedures,  and  the  vagus  was  stimulated  below  the  cardiac  nerves 
HO  as  not  to  produce  disturbance  of  the  heart  and  cireulution. 
The  order  of  procedure  being  tracheotomy,  severance  of  cervical 
Bpinal  cord  below  niedulb^  artifloial  reaptrabion,  opening  of  thorax 
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and  preparation  of  vagua  below  the  Jacart,  ioflcrtiou  of  paiicreatio 
cannula,  and  slow  rhythmic  excitation  ot  the  nerve. 

Tr  using  the  aiiute  method,  evidence  of  the  preaenr-e  of  inhifntoiy 
fi.brra  WAS  obtaiocd  similar  to  that  mentionHl  above  iji  the  naaa 
of  the.  gastric  BCcretion,  Thus  it  waa  found  that  after  a  steady 
flow  of  secretion  hLd  been  act  up  by  ptimulation  of  one  vagua, 
similar  and  i^imiiltaneous  excitation  of  the  other  vagua  nft«n  led 
after  a  latent  period  to  a  suppression  of  the  flow. 

An  iTihibitory  itiHiience  of  the  aynipathetic  fibres  waa  also 
demonstrated  in  the  case  of  the  acute  experiment,  The  first 
efiect  of  atimulation  of  the  sympathetic  by  an  induced  current 
was  A  slight  increase  in  flow ;  this,  however,  lasted  only  for  a  few 
seconds,  and  was  followed  later,  and  eapeeiafly  after  stopping  the 
atimulua,  by  a  suppreaaion  of  the  secretion.  Similar  inhibitory 
reaulta  were  obtained  as  a  result  of  mechanical  stimulation  with 
the  tetancmeter,  and  in  a  nerve  in  which  degenerfttion  had  been 
allowed  to  proceed  for  three  or  Eour  days  a  purely  inhibitory  effect 
was  obtained  as  a  result  of  electrical  Btlloulation. 

The  presence  of  inhibitory  fibres  in  the  vagua  was  also  shown 
by  Popielaki,  by  the  employment  of  another  method.  This 
observer  caiiaed  a  continuona  flow  of  pancreatic  Becrotion  by 
injection  of  dilate  hydrochloric  acid  into  the  duodenum,  and  then 
strongly  stimulated  the  vagus,  when  a  slowing  of  the  secretion 
was  always  obtained,  often  to  a  complete  standstill.  Excitation 
of  the  aympathetici  under  like  circumstances  did  not  produce  such 
a  marlcL^d  effect,  but  uaually  gave  rise  to  decrease  in  rate  of  secretion 
after  a  long  latent  period- 

The  important  fact  that  the  presence  of  acids  in  the  duodenum 
gives  rise  to  a  copious  and  long-continued  flow  of  pancreatic  juice 
waa  established  by  Dolinski  in  Pawlow^a  laboratory  in.  IS94.  The 
wh.ole  mental  aspect  of  the  wculfera  in  Fawlow'a  laboratory  at 
that  period  was  directed  towards  the  discovery  of  the  innervation 
of  the  pancreas,  and  hence  naturally  the  flow  of  pancreatic  secretion 
caused  by  the  presence  of  the  acid  in  the  duodenum  waa  looked 
upon  as  a  reflex  act  in  which  the  stimulation  of  the  acid  upon 
peripheral  ner\'e-eii dings  in  the  duodenal  mucous  membrane  give 
rise  to  the  afTerent  impuhws. 

The  sF^cretion  set  up  by  the  presence  of  acid  in  the  duodenum 
waa  further  studied  by  Popiebki  and  by  Wertheimer  and  Lepage, 
who  showed  that  secretion  was  still  evoked  by  the  introductLon 
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of  acid  intpO  the  duodenum  even  after  section  of  both  vagi  and 
splanchnica,  or  cieatniction  of  the  spinal  cord,  or  after  complete 
extirpation  of  the  aolar  plexus. 

Thoac  experiuicntfl  clearly  shut  out  the  central  nervous  aystom 
from  participation  in  the  supposed  reflex,  but  the  observers,  still 
clinging  to  the  belief  that  the  phenomena  before  them  arose  from 
nervous  activity,  accommodated  their  views  to  the  a^lditioEuiI 
experimental  facta*  bv  receding  to  the  conclusion  that  the  secretion 
aroae  from  a  peripheral  reflex  act-  Popiclsici  concluded,  from 
finding  that  the  secretion  occurred  after  removal  of  the  solar  plexus, 
and  also  aft&r  separating  the  duodenum  with  the  pylorus  from 
the  stomach,  hut  not  if  the  duodenum  were  cut  across  a  short 
dintauce  below  the  pylorus,  that  the  ceotrea  for  the  supposed 
peripheral  reflex  were  m  the  scattered  gangha  of  the  panct^as: 
of  which  the  most  important  were  to  be  found  near  the  pyloruE, 
and  were  cut  off  when  the  duodenum  was  cut  across  near  to  the 
pylorus,  Wertheimer  and  Lepa^?  accepted  the  peripheral  reflei 
explanation,  hut  ils  they  found  that  injection  of  acid  into  the 
jejunum  abo  called  out  a  secretion  diminishing  in  intensity  aa  the 
distance  from  the  duodenum  incrcA^xrd,  they  came  to  the  conclumoA 
that  the  centre  for  the  Bupposed  reflex  varied  according  to  the 
region  of  intestine  stimulated  by  the  acid,  and  that  while  the 
secretion  in  the  caae  of  the  dinKlenuni  might  result  from  stimulatJon 
of  pancreatic  ganglia,  that  from  the  jejunum  probably  was  set 
up  by  stimulation  of  the  aolar  plexus,  The  experiment  of  injec- 
tion of  acid  into  a  loop  of  jejunum,  after  extirpation  of  the  solar 
plexua,  or  after  severance  of  the  meBenteric  nerves  of  the  loop, 
waa  not  performed  by  these  observers.  They  found  that  the 
secretory  efTect  was  not  abolished  by  administration  of  atropin, 
but  instead  of  arousing  any  suspicion  that  the  secretion  might 
not  after  all  be  of  nervous  origin,  tbia  fact  waa  only  correlated 
to  the  absence  of  effect  of  this  drug  upon  the  sympathetic  salivary 
secretion. 

The  poaaibility  of  the  secretion  induced  by  acid  Iti  the  duo- 
denum being  due  to  chemical  action  was  not  uuthought  of  entirely, 
however,  by  the  St.  Petersburg  school,  and  is  discussed  by  Pawlow 
in  his  book,  in  which  he  etatee  that  the  aeid  works  either  locally 
by  exciting  the  peripheral  end-apparatus  of  the  centripetal  nerves 
in  the  mucous  membrane,  or  else  it  ia  absorbed  into  the  blood 
and   etimolates    either   the    secretory    centre    or   the   glaud    cells 
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directly.  The  view  that  the  acid  produces  ita  etfect  by  fthsorption 
into  the  blood  \sl  then  nega^ved  by  Pawlow,  from  theoretical  con- 
sideratioris,  as  well  &&  from  the  fact  that  JiijectloTi  of  acid  mLo  the 
rectum  was  without  effect  upon  pancreatic  accretion. 

It  did  not  occur,  however,  to  the  discoverera  of  the  secretion 
of  the  pancreaa  as  a  specifio  result  of  the  presence  of  acids  in  the 
duodenum,  that  there  was  a  third  hypotheais,  namely,  that  the 
acid  might  awaken  ait  internal  secretion  in  the  duodenal  callst 
and  that  the  substance  so  secreted  might  travel  in  the  blood  atream 
to  the  pancreatic  cells  and  act  them  in  activity, 

This  view  did  occur  to  Bayliaa  and  Starling,  who.  on  testing 
it  experimentally,  found  it  to  he  the  correct  one^  and  so  not  only 
brilliantly  aup[tlemented  the  work  of  the  St.  Petersburg  school 
on  pancreatic  secretion,  but  made  a  new  departure  in  our  know- 
ledge regarding  secretory  procesaea,  and  opened  up  a  new  field 
to  research  which  ie  now  being  explored  for  other  secretions. 


Ths  Chemical  Mechakisms  op  Secretion — Chemical 
ExciTAiH-a  OF  Secretion  or  Koruot^es 

FancTMttc  Seerc£ion  and  Secretin.— Tho  apparently  local  chtir- 
acter  of  the  reaction  when  acid  waa  plated  in  the  intestine, 
described  in  the  preceding  section,  led  Bayliss  Aiid  Starling  to 
e  I  peri  mentation  upon  the  subject,  (rora  the  view  that  there  might 
here  be  an  extension  of  the  local  reflexes,  the  action  of  which  in 
movements  of  the  intestinal  wall  these  observera  had  already 
inveatigated.  It  was  soon  found,  however,  that  the  phenomenon 
was  one  of  an  entirely  different  orrler,  and  that  the  aeeretion  of 
the  pancrena  is  normally  called  into  action  not  by  nervous  agency 
at  all,  but  by  a  chemical  substance  formed  in  the  mucous  membrane 
of  thi!  upper  parts  of  the  small  intestine  under  the  influence  of 
acid,  and  earned  thenee  by  the  blood  stream  to  the  gland  cells 
of  the  pancreas.  To  the  active  substance  the  name  secretin  has 
been  given  by  the  authors. 

In  the  earlier  experiments  of  Bayliss  and  Starling,  doga  were 
used,  but  in  a  later  research  other  animala  were  used  (rabbit,  cat, 
and  monkey)}  and  it  waa  demonstrated  that  the  reaction  is  a  general 
one  for  all  vertebrates. 

The  animals  received  an  injection  of  morphia  previoua  to  tha 
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experiment,  and  during  its  course  wete  aniesthetiaed  with  A.CE. 
iDixture.  In  order  to  keep  the  cj^nditioii  of  the  iLiiima,ls  constant 
during  the  ejcperSnient,  artiiii:ifil  reapirjiti^in  was  resorted  to,  and 
a  conEt^nt  depth  of  aiueBthesia  was  att&ined  b^  placing  the 
onicathctising  bottle  in  the  air  circuit ;  this  procedure  is  eEpccially 
necesaary  when  the  vagi  have  been  cut.  The  animala  in  the 
earlier  experiments  had  not  been  fed  for  a  period  of  eighteen  to 
twenty-four  hours,  but  in  later  expennienta  it  wan  shown  that 
secretin  ifl  active  no  uiatt^r  what  may  be  the  state  of  digeatioa. 
In  order  to  avoid  ehock  and  to  keep  up  the  temperature,  the 
animal  was  immereod  in  a  hath  of  warm  phyeiological  saline 
throughout  the  experiment,  the  level  of  the  fluid  was  above  that 
□f  the  abdominal  wound,  so  that  the  intestine  waa  bathed  with 
the  warm  fluid.  The  arterial  presaure  wa8  always  recorded  by 
raeFUiH  of  a  niercucijd  manometer  connected  with  the  carotid 
artery  ia  the  uaual  way.  The  pancreatic  jiuce  was  obtained  by 
placing  a  cannula  in  the  larger  duct  which  enters  the  duodenum 
on  a  level  with  the  lower  border  of  the  pancreas.  To  the  cannula 
was  comiected  a  long  glass  tube  filled  at  first  with  physiological 
aaline  ;  the  end  of  this  tube  projected  over  the  edge  of  the  hath, 
BO  that  the  drops  of  the  Becrction  fell  upon  a  nuca  disc  cemented 
to  the  lover  of  a  Maroy's  tambour;  this  was  in  connection  by 
means  of  rubber  tubing  with  another  tambour  which  marked 
each  drop  upon  the  smokeJ  pa^^ir  of  the  kymograph.  A  time 
tracing  was  taken  showing  intervals  of  ten  ^^econdn,  and  an  injection 
signal  was  arranged  bo  indicate  the  point  at  which  acid  wa^  injected 
into  the  intestine,  or  a  preparation  of  aecretin  into  a  vein,  in  which 
a  venous  cannula  had  been  placed  in  the  usual  way. 

The  authors  lirst  confirmed  the  results  of  previous  experi- 
montera  aa  to  the  effects  of  injection  of  acid  into  the  duodenum 
or  jejunum,  and  found  that  the  reault  of  injecting  from  30  to  50  c.c, 
o£  Oi  per  cent,  hj'drocbloric  acid  into  the  lumen  of  the  duodenum 
or  jejunum  is  to  produce,  after  a  latent  period  of  about  two  minutea, 
a  marked  tlow  of  pancreatic  juice.  This  effect  is  still  produced 
after  section  of  both  vagi»  aeL-tion  of  the  spinal  cord  at  the  level 
of  the  foramen  magnum,  destruction  of  the  spinal  cord,  section  of 
the  apianchnic  nerves,  extirpation  of  the  solar  pleKua,  or  any  com- 
bioation  o£  these  operations. 

The  next  atep  in  the  chain  of  evidence  was  to  teat  the  effect 
of  injection  of  acid  into  a  loop  of  the  upper  part  of  the  intefltine 


I 


CHEiirCAL    MECHANISMS  OF   SECRETION       185 


after  sevBiing  the  mesenteric  nerves.  3ncb  a  prricediire  was  im- 
poflHible  for  ainatomJcal  reoHona  in  the  duodenutn,  but  was  aucceaa- 
fiilly  carried  out  with  a  positive  reault  on  a  loop  of  jejimum. 

In  tliifl  crucial  espcrimeut  the  loop  of  intestine  wafl  completoly 
cut  off  from  all  nervous  connection  with  the  pancreas,  and  hence 
the  conclusion  is  an  inevitahle  one  that  the  effect  must  be  produced 
by  some  chemical  subatance  finding  in  way  into  the  circulation^ 
and  then  either  directly  o:  indirectly  Btimulatiug  the  pancreatic 
cells. 

It  must  be  admittc^l  here  thnt  the  process  of  severing  all  the 
network  of  sympathetic  nerve-fibres  surrounding  the  blood-veaeela 
passing  to  the  intestinal  loop  is  a  diiticult  one,  and  It  is  hard  to 
rnake  certain  that  it  has  been  eRectuaJly  carried  out,  so  that  it 
would  have  been  well  to  inaert  in  this  experiment  small  cannuhe 
into  the  completely  aevercd  artery  and  vein  ot  the  loop.  But, 
as  Baylise  and  Starhn^  point  out»  the  experiment  was  that  which 
led  to  the  discovery  of  sfv^etiit,  the  specific  chemical  eicitant,  or 
hortfiojte,  of  the  pancreatic  aecretion.  Also  the  eiTecta  about  to 
be  described  of  injecljon  of  extracts  of  the  duodenal  or  jejunal 
mucous  membrane  prepared  by  the  action  of  dilute  acid  clearly 
demonstrate  a  local  action  of  the  secretin  upon  the  pancreas. 

The  positive  result  obtained  in  the  experiment  with  the  ener- 
vated loop  of  inteKtine,  taken  in  conjunction  with  the  result 
obtained  Ly  Wertheimer  and  Lepage,  that  acid  itself  introduced 
into  the  circulation  haa  no  effect  upon  the  pancreatic  secretion, 
led  Bayliaa  and  Starhng  to  the  view  that  the  acid  mufit  give  rise 
to  some  active  subatance  in  the  cells  of  the  mucosa  which  is  taken 
inl«  the  circulation  and  produces  the  specific  effect.  This  view 
was  then  abundantly  confirmed  by  the  results  of  experiment. 
The  loop  of  jejunum  from  which  the  poaitive  result  was  obtained 
waa  cut  out,  the  mucous  membrane  scraped  oSy  rubbed  up  with 
sand  and  0'4  per  cent,  hydrochloric  acid  in  a  mortar,  Hltered 
through  cotton  wool,  and  the  ejftract  injected,  into  a  vein.  The 
r^ult  waa  a  dow  of  pancreatic  juice  at  more  than  twice  the  rate 
produc«l  at  the  begiiming  of  the  ei|ieriment  by  introduction  of 
acid  into  the  duodenum.  Two  further  results  were  obtained 
in  the  same  experiment :  first,  it  was  shown  that  the  acid  extract 
could  be  boiled  without  losing  its  activity,  eo  that  the  active  sub^ 
stance  (secretin)  waa  shown  not  to  be  a  ferment :  and  secondly,  it 
waa  shown  that  the  activity  of  extracts  of  portions  of  the  small 
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intestine  taken  at  dificrent  [erels  showed  a  decreasing  amount 
oi  activity  as  the  inteatine  was  descended,  conesponding  to  the 
known  efiectB  upon  the  pancreatic  secretion  of  injection  of  acid 


of  DtiodpnDDi.     A,    Blood  fTBttiwrei   ]i,  Drape  c!  Ptiacitaxia  Juice  ;    C,  Dropi  Of 
Bile.     iBityfvmafid  SUirliPt/.\ 


Fjo.  C-— Action  of  Acid  B:ttract  of  Mfl*:oni  Hemhraue  of  Duoieamn 
wbioll  had  hssn  drlad  after  DahTdiatioii  bv  Alcobol.  A«  Blood  Preaatirc  ; 
B,  Drops  fif  I'unoreatic  Jukt.     {jiaiflini  init'Sl'trfinff.) 


into  the^e  various  portions,  Tlius  injec^tlon  of  acid  into  a  loop 
from  the  lower  end  of  the  ileum  gives  rise  to  eo  pziucreatic  secretion, 
and  corresponding   to  thie,   an   acid   extract    from   the   mucoua 
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membrane  of  the  lower  end  of  the  ileum  poaaeaseB  when  m- 
tr&venouflly  inji?!L-teLl  no  ext^iting  effect  upon  the  pancre&tJc 
secretion. 

With  regard  to  the  Beat  of  action  of  secretin,  BftyliBB  and  Starling 
have  tr&ced  it  aa  far  aB  possible  towards  the  periphery,  and  con- 
clude that  it  acta  in  all  probability  directly  aa  a  chemical  excitant 
upon  the  accreting  cellB  of  the  paui;reiift.  It  is  impoaaible  with  our 
present  experimental  methods  to  exclude  a  possible  action  upon 
the  nerve  cells  and  fibres  in  the  pancreas  itself ;  just  aa  it  is  im- 
posaibb  to  do  so  in  the  case  of  tracing  towards  the  periphery  the 
Beat  of  action  of  any  drug  or  other  active  substance  —for  example, 
to  exclude  an  action  of  adrenalin  upon  nerve  cella  or  endings  upon 
the  muscular  walls  of  small  arteries  rather  than  upon  the  muscle 
cella  directly.  But  it  has  been  shown  that  the  excitatory  effect 
upon  the  pancreatic  secretion  ts  still  obtained  after  tbe  gland 
has  been  cut  off,  as  far  as  Le  experimentally  possible  from  the 
anatomical  relationshipg,  from  connection  with  nervous  mecha- 
nisms,  both  central  and  peripheral.  The  sensitiveness  of  the 
pancreas  renders  practically  impoaaible  the  experiment  of  per- 
fnaion  of  whipped  blood  containing  secretin  through  the  excised 
gland. 

Certain  physical  and  chemical  properties  of  secretin  solution 
have  also  been  investigated  by  Rayliss  and  Starling  and  W.  A. 
Ofihorne,  as  well  aa  the  properties  of  the  pancreatic  juice  secreted 
as  a  refiult  of  the  action  of  secretia;  the  resulta  are  summarised 
in  the  following  conclusionsj  taken  from  Baylies  and  Starling's 
paper  :  — 

1.  The  secretion  of  the  pancreatic  juioe  is  normally  evoked 
by  the  entrant^e  of  acid  chyme  into  the  duodenum,  and  is  pro- 
portional to  the  amount  of  acid  entering  (Pawlow).  This  secre- 
tion does  not  depend  on  a  nervoua  reflex,  and  occurs  when  all 
the  nervous  connections  of  the  intestine  are  destroyed. 

2.  The  contact  of  the  acid  with  the  epithelial  cells  of  the 
duodenum  causes  in  them  the  production  of  a  body  (secretin), 
which  is  al>snrbed  from  the  cells  hj  tbe  blood  current,  and  is  carried 
to  the  pancreas,  where  it  acta  as  a  apecUic  stimulus  to  the  pancreatic 
oella,  exciting  a  accretion  of  pancreatic  juice  proportional  to  the 
amount  of  secretin  present. 

3.  This  substance,  secretin,  is  produced  probably  by  a  process 
of  hydrolysis  from  a  precursor  (proaetiretin)  present  in  the  celhi. 
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which  is  iikflokblc  in  water  and  alkalies  and  is  not  destroyed  by 
boiling  alcohol. 

4,  Secretin  is  not  &  ferment-  It  withstands  boiling  in  acid, 
neutral,  or  alkaline  acliitinna,  but  is  easily  destroyed  by  active 
pancreatic  juice  or  by  oudigijig  agents.  It  i^  uot  pri?cipitatt^ 
from  ita  watcrj  adutions  by  tannic  acid,  or  alcohol  and  ether. 
It  10  destroyed  by  most  metallic  aalts-  It  ia  slightly  diffusible 
through  parchment  paper. 

5,  The  pancreatic  juice  obtained  by  ae^iretin.  injection  haa  no 
actionB  on  proteidfl  until  "  enterokinose "  is  odcled.  Tt  acts  on 
Btarch  and  to  some  extent  on  fats,  the  action  on  fat*  being  increased 
by  the  addition  of  fiacous  entericiis.  It  is,  in  fact,  normal  pan- 
creatic juice. 

6,  Secretin  rapidly  disappears  from  the  tiaauea,  but  cannot 
be  detected  in  any  of  the  secretions.  It  itt  apparently  not  absorbed 
from  the  lumen  of  tha  intestine. 

7,  It  IB  not  possible  to  obtain  a  body  resembling  oecietin  from 
any  tissues  of  the  bcxjy  other  than  the  mucous  membrane  of  the 
duodenum  and  jejunum. 

8,  Secretin  aolutions,  free  from  bile  aalta,  cauBc  some  increase 
in  the  secretion  of  bile.  They  have  no  action  on  any  other 
glands. 

9,  Acid  extracts  of  the  mucous  membrane  normally  contain 
a  body  which  cauaea  d  fall  of  blood  pressure.  This  body  is  not 
aecretin^  and  the  latter  may  bo  prepared  free  from  the  depreaaor 
substance  by  acting  on  desquamated  spithplial  cells  with  acid. 

Tfie  Cftrrmical  jyecfutni&m  of  Gastric  Secrflion — Oaslrin. — It  haB 
long  been  known  that  the  introduction  ol  certain  substauce.s  into 
the  atomnch  provokea  a  accretion  of  gastric  juice,  and  the  effect 
has  been  aacribed  to  a  nervoua  mechanism  Btimulafced  by  the  effect 
of  absorbed  substances  upon  peripheral  nerve-endings  in  the  gaatrio 
mucosa.  Quite  recently,  howev^^r,  it  baa  been  ahown  by  Edkina, 
that  intravenous  injection  of  extracts  prepared  in  special  manner 
from  certain  parts  of  the  gaatnc  mucous  membrane  leads  to  a 
Sow  of  gastric  juice.  Edkins  considers  this  action  to  be  due  to 
%  substance  which  he  haa  named  gastrin^  and  which  aota  aa  a 
chemical  ejtcitant  or  ^'hormone**  for  the  gnatric  secretion,  in  a 
similar  fashion  to  aecretin  In  the  case  of  the  pancreatic  juice.  It 
is  hence  possible  that  those  substances  shown  by  Pawlow  to  excite 
the  gastric  secretion  when  introduced  into  the  atomnch  so  as  not 
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to  call  fortfc  a.  payt^hJcal  flovr,  as  by  the  use  of  n  sound,  or  better, 
through  a  gaetric  fistula  without  attracting  the  animaVs  attention, 
produce  theit  effect  not  hy  exciting  peripheral  nerve-endingfl  in 
the  gastric  muctiaa,  but  hy  meaiia  of  &  t^hemical  action  upon  the 
eecreting  cells.  Thia  action  may  either  be  a.  direct  one  of  tte 
3ubatance3  themaeJvea  or  more  pruhably.  according  to  Edkina*fl 
obaerrationa,  an  indirect  action  in  wluch  these  eubataneea,  eimilarlv 
to  hydrochloric  acid  In  the  case  of  the  duodenal  mucoea,  set  £ree 
an  active  aubatance  chiefly  frcm  the  pyloric  portion  of  the  gastric 
mucosa.  This  HiibstancR,  after  being  absorbed  by  the  hlcod  atream, 
ia  carried  to  the  secreting  cells  lying  deeper  in  the  mucosa,  and  also 
to  the  secreting  cells  of  the  iundus,  where  it  acts  as  &  chemical 
etimulant,  and  calls  forth  secretion. 

Edlrina  has  studied'  the  effects  of  ictravenoua  injection  of 
extracts  made  from  different  parts  of  the  gaatric  mucosa.  He 
placed  a  certain  amount  of  saline  in  the  atoniach^  and  then 
detennined  the  amount  of  acid  formed  in  the  stomach  after  the 
injection  of  each  extract  to  be  tested  into  a  vein  by  titrating 
this  saline  for  total  acidity. 

The  results  obtained  were  as  follows : — 

''  If  an  extract  in  5  per  cent-  dextrin  of  the  fundus  uiucouh 
mcmhrane  be  injected  into  the  jugul&r  vein,  there  is  no  evidence 
of  secretion  of  gnatrie  juice.  If  the  extract  be  made  with  the 
pyloric  mucoua  membrane,  there  is  evidence  of  a  amall  quantity 
of  eecretJon.     With  dextrin  by  itflelf  there  is  no  secretion. 

*'  Extracts  of  fnndufl  mucous  membrane  in  dextrose  or  mflltose 
give  no  secretion ;  extracts  of  pyloric  mutoua  membrane  give 
marked  secretion  ;  dextrose  or  maltoae  alone  bring  about  no 
secretion. 

*'If  extracts  be  made  with  commercial  peptone*  it  ia  found 
that  no  secretion  occurs  with  the  fundus  mucous  membrane,  a 
marked  secretion  with  the  pyloric  mucous  memhrane  ;  the  peptone 
alone  gives  a  alight  accretion. 

"  if  the  extracts  be  made  by  boihng  the  mucous  membrane 
in  the  diScrent  media,  the  efiect  is  juBt  the  aame,  that  is  to  Bay, 
the  active  principle,  which  may  be  called  *  gastrin,'  ia  not  destroyed 
by  boiling. 

"  Finally,  it  may  be  pointed  out  that  auch  absorption  as  occurs 
in  the  stomach  apparently  takea  place  at  the  pyloric  end.  In 
the  pig's  stomach,  in  which  the  cardiac  region  differs  from  the 
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oidiiiH,i7  type  in  only  liaving  uinple  ^laiida  aa  in  the  pyloric^ 
extfacta  of  the  cardiac  region  m  general  have  the  same  efficiency 
in  promoting  secretion  as  do  pyloric." 

The  media  moat  powerful  in  colling  forth  secretion  in  theae 
experiments  are  hence  those  containing  llie  product*  of  advanced 
salivary  digestion,  or  of  peptic  digeatlon,  viz.  gluL^ose,  maltose 
and  commercial  peptone,  and  the  region  from  which  active  pre- 
parations can  be  prepared  being  the  pyloric  mucous  membrane, 
which  also  is  tlic  re^on  in  which  any  alight  abfiorption  in  the 
stomach  occurs,  the  indication  of  the  experiments  ie  that  the 
precureor  of  the  active  gastrin  k  formed  in  the  pyloric  mucoaa, 
and  is  activated  hy  the  absorption  of  these  dlgeative  products, 
and  discharged  into  the  blood  stream,  whence  it  reac^hes  the  gastric 
accreting  coUa- 

The  earlier  e^^perimenta  of  Pawlow  upon  those  substances 
which  eicita  gastric  aecretion  on  introduction  into  the  stomach 
arc  of  interest  in  the  light  nf  theae  later  experiments  on  intra- 
venous injection.  Thua  introtj action  of  water  into  the  stomach, 
even  after  seciion  of  both  vogi,  always  gave  riae  to  a  secretion, 
although  not  a  very  copious  one  ;  here  there  ia  a  good  deal  cut 
off  Efom  central  control,  as  the  vagi  are  clearly,  from  Pawlow's 
other  experiments,  the  moat  important  efferent  nervea  for  gastric 
secretion,  and  it  would  be  most  interesting  to  know  if  thia  secretion 
on  the  introduction  of  water  also  occurred  after  more  profound 
interference  with  the  central  nervoua  eyetcm  connections,  e^g.  if 
it  still  took  place  after  destruction  of  the  spinal  cord  and  extirpa- 
tion of  the  solar  plexus- 

Alltftline  solutions,  such  as  sodium  bicarbonate,  were  found 
by  Pawlow  to  exercise  an  inhibitory  effect  upon  gastric  secretion. 
Freeh  meat  and  meat  extracts  were  fomid  to  be  the  moat  powerful 
excitants,  and  reaearch  is  required  to  teat  whether  this  action 
U  nervous  or  chemical  in  origin.  Starch  and  fat  were  found  by 
Pawlow  not  to  eicite  secretion  on  direct  introduction  without 
I>sychica1  stimulation.  Bread  and  solution  of  egg-albumin  also 
were  found  to  be  non-escit^uts,  but  the  fluid  digcative  products 
from  the  stomach  of  another  dog  which  had  eaten  egg-albmniu, 
wh?n  introduced  without  paj-ehical  effect  directly  into  the  main 
stomach,  gave  a  stronger  and  more  constant  effect  than  a  like 
quantity  of  water. 

The  above  experiments  upon  the  ejects  of  diemical  stimulants 
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formed  in  the  cells  of  the  body  \tae\t  upon  tto  activitj  of  the 
^preting  cells  of  pancreaa  and  HtomacEi  open  up  to  phyuiologicftl 
WRftrch  a  deld  of  great  importance,  and  one  with  practica!  bearing 
for  medicine  and  organo-therapy.  DonbtlcM  similar  actions  occur 
ojspwhere  in  the  body  which  will  in  the  future  be  brought  to  light. 
Baylii^a  and  Starling  in  their  paper  briefly  draw  attention  to  what 
they  term  the  rJi^i\ictd  si/mjxtlhies  between  litems  and  mammary 
gland,  and  to  the  modifications  in  the  comptjeition  of  the  pancreatic 
juice  accompanying  long-continued  change  in  the  diet,  euch,  for 
example,  as  the  production  of  a  laccaae  as  the  result  of  milk  feed- 
ing, and  call  attention  to  the  advisability  of  a  renewed  investiga- 
tion of  these  facts  from  the  point  of  view  of  the  production  in 
auch  cases  of  bodies  aUied  to  secretin.  There  is  no  doubt  that 
in  many  ca*ea  the  stimulua  to  aeafional  functional  activity  of 
organs  may  he  a  cheoiical  one,  in  this  connection  also  might 
be  mentioned  the  occurronce  of  menBtmation,  and  the  aeafional 
recurrence  of  rut  in  cattle,  abo  the  absence  of  these  during  pteg- 
nancy  accompanying  tlie  changed  chemical  metabolism  at  nuch  a 
period,  and  the  chemical  changes  going  on  in  the  coq)ua  inteum 
of  the  ovary. 

Thiis  the  field  of  ''  internal  sccrotion,''  which  &rst  began 
to  be  explored  in  the  case  of  the  ductless  glands,  tbe  thyroid 
and  suprarenal,  goes  on  widening  in  scope,  and  we  learn 
afresh  that  an  nrgan  or  cell,  in  adflition  to  ita  moat  conspicuouH 
function,  may  posstaa  other  and  no  less  important  chemical 
activities. 

Effects  o/  Food  upon  the  I'roduction  of  the  Digestive  Secretiona^ — A 
number  of  most  intereating  and  valuable  observationa  have  been 
pubhahed  from  the  Pawlow  achciol,  upon  the  effects  of  different 
foodn  on  the  rate  of  secretion,  and  variations  in  this  dming  the 
period  of  digestion,  and  on  the  alterations  in  the  quahty  of  the 
accretion  resulting  from  the  intake  of  difierent  foods,  and  con- 
tinuance upon  difierent  dieta  for  more  prolonged  periods.  The 
aeries  of  experiments  upon  these  points  are  very  extensive,  and 
only  a  summary  of  results  can  be  included  in  this  article  ;  a 
good  account  of  the  matter  is  contained  in  Pawlow'a  book  on 
■*The  Work  of  the  Digcativo  Glanda''  (tranalated  by  W,  H, 
Thompson). 

1.  Secretion  under  normal  conditions  only  commences  as  a 
resnlt  of  food  being  taken  into  the  alimentary  canals     The  miniature 
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atomacli  does  not  eccreto  during  inanition,  but  commences  a,  few 
minutea  after  a  meal.  The  quantity  of  juice  from  a  pancreatic 
fistula  during  hunger  amounts  to  only  two  or  three  c,c,  per  hour, 
but  some  time  after  a  meal  tncreasea  to  many  times  that  amoui^t. 

2.  The  quantity  of  juice  secreted  in  the  caee  of  the  same  food 
is  directly  proportional  to  the  quantity  of  food  taken.  Thus 
for  raw  meat,  for  100  grmn,  26  c.c,  of  gastric  juice  were  secreted ; 
for  200  grm,,  40  ex.  of  juice,  and  for  400  gnu.,  106  c.c.  On  a 
mured  diet  of  meat  (50  grm,)^  bread  (50  gmi,)|  and  milk  (300  c,c.) 
42  c-R.  of  gastric  juice  were  secreted,  for  double  these  quantities 
83-2  c.Ch  were  secreted, 

3.  The  secretion  is  not  all  poured  out  rapidly  at  the  beginiung. 
but  is  distributed  throughout  the  period  of  digestion,  and  the 
curve  of  quantity  secreted  and  time  varies  for  the  diiferent  typea 
of  food.  Eaeb  food  posaesses  a  modifying  eifoct  both  upon  the 
quantity  and  quality  of  the  secretion.  AIro  the  presence  of  one 
food  has  a  modifying  power  upon  the  secretion  called  forth,  by 
another,  and  on  the  whole  course  of  digeation. 

Thus  in  the  case  of  gaGtiic  secretion  of  a  meal  of  fleah,  brcadj 
or  milk  reflpectively.  Each  separate  food  coneaponda  to  a  definite 
hourly  rate  of  secretion,  and  cails  forth  a  characteristic  alteration 
of  the  properties  of  the  juice.  Fiesh  and  bread  diet  produces 
a  maximum  rate  during  the  first  hour  of  digestion,  while  milk 
gives  the  maximimi  rate  during  the  second  or  third  hour.  Tested 
as  to  maximum  content  in  ferment  during  the  period  of  digestion, 
the  greatest  activity  is  found  with  flesh  diet  in  the  beginning; 
with  bread  in  the  second  and  third  hours;  and  with  milk  in  the 
last  (or  sixth)  hour,  Contraating  the  digestive  power  of  the  juices 
for  protcid  at  corresponding  periods  of  digestion  in  the  case  of 
the  three  foods,  the  greatest  power  is  found  in  the  case  of  the  flesh 
diet,  the  bread  comes  second,  and,  in  the  earher  stages  at  least, 
cloae  to  the  meat,  while  that  on  the  milk  diet  is  much  feebler  in 
proteolytic  power- 
In  the  caae  of  the  pancreatic  secretion,  a  wmJlar  adapta- 
tion oi  tho  accretion  to  the  nature  of  the  food  is  seen,  and 
here  the  changes  become  more  striking,  because  there  is  a 
ferment  for  each  class  of  food-stufi,  and  relative  variations  can 
be  contrasted. 

The  following  table  cf  tesulU  by  Waltber,  quoted  by  Pawluw, 
gives  the  variation  in  accretion  (quantity  and  ferments)  of  pan- 
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creatic  juice  on  milk,  bread,  and  fleslk  respectively.  Tlie  qiianbities 
of  each  food  given  are  baaed  on  the  percentages  of  nitrogen  con- 
tained in  eacJi  variety  :^ 


DhK. 

(jiLnntlc^  of 
JdIsv. 

SbnuHUi, 

jLmylDfllHiElD 

atoUDaLuUo 

Milk,  OOO  •:.<i. 
^lead,  £50  grui. 
BiQfttj,  lOOgrm. 

48 
144 

220 
13-1 
10« 

9 
4-5 

903 

0-3 

SO-0 

The  adaptation  of  the  eecretdon  i<f  the  nature  of  the  food 
requires  no  comment*  Attention  may  be  drawn  to  the  high 
proteodastic  power  of  the  secretion  called  forth  by  tbe  milk,  and 
to  a  contraat  of  tliia  with  the  low  proteocIaBtic  power  produced 
by  nulk  in  the  case  of  the  gastric  Becretlon^  In  the  case  of  Qesh 
there  ia  the  reverse  effect.  It  looks  from  the  figures  as  if  the 
proteid  of  the  fleeh  were  digested  chic£y  in  the  stomach  and  that 
of  the  milk  in  the  intestine. 

Similar  vartation  in  the  curve  of  rate  of  secretion  and  time 
are  found  in  the  case  of  the  pancreas  aa  in  the  atiiinach,  the  curve 
being  characteristic  for  each  food.  The  form  of  this  curve  is 
altered  by  the  aimultaneoua  presence  of  different  food-stuffa;  thus 
the  ourve  of  gastric  secrGtion  for  lean  meat  conaistlng  chiefly  of 
proteidi  becomes  profoundly  modified  if  a  small  amount  of  fat 
or  oil  he  alao  given  :  the  rata  of  aecretiou  and  amount  of  pepsin 
being  reduced,  and  the  maximum  point  of  aecretioQ  being  pushed 
back  to  a  later  point  in  the  period  of  digestion.  Similarly  the 
curve  of  secretion  for  flesh  ia  modified  hy  the  addition  of  atarch 
to  the  flesh  meal,  so  aa  to  come  to  reaerable  fairly  closely  that  of 
a  bread  meal. 

-t-  When  an  animal  ia  kept  for  a  long  period  (some  weeka)  upon 
a  defimte  and  ctmatant  diet,  the  ferment  content  of  the  pancreatic 
juice  becomes  adapted  to  the  character  of  the  fixid.  If.  for  example, 
an  animal  which  has  been  icd  for  some  weeks  entirely  upon  bread 
and  milk  is  brought  on  to  an  exclusively  meat  diet,  which  in  contrast 
with  the  other  diet  contains  more  proteid  but  scarcely  any  carbo- 
hydrate, it  is  found  that  the  power  of  the  pancreatic  juica  for 
digesting  proteid  increases  frum  day  to  day,  while  the  digestive 
power  for  starch  progressively  diminishes.    On  reversing  tbe  diet 


194 


BIBLIOGRAPHY 


again  to  bread  and  milk,  flimikr  but  invenw  ch&ngca  arc  observed. 
The  moral  from  this  for  practicfil  medicine,  which  experience  had 
already'  indioated,  is  that  a  Hudden  change  from  one  ri-gime  to 
another  maj'  have  a  fliaaatroiia  efTect  Upon  the  digestive  process, 
hj  aubjecting  the  glanJa  to  a  strain  to  which  they  have  not  been 
adapted.  Hence  changes  In  dietary  should  be  btougbt  about 
slowly  and  progreeaivelv  wherever  poaaible^  and  not  by  a  auddea 
and  sweeping  change. 

The  phyHiotogieal  cauaea  and  raecbonisms  of  this  irLtetesdng 
adaptation  in  quantity  and  quahty  of  the  digestive  fuida  to  the 
nature  of  the  food  are  aa  yet  ohacure  to  ua. 

Pawlow,  their  chief  diacoverer,  ascribed  them  to  a  diSereotiated 
peripheral  nerve  supply  in  the  mucous  mcmbratio  of  the  aUmentary 
canal,  whereby  tie  absorption  of  different  digested  food-aln^ 
stimulated  different  nerve  endings,  fibres,  and  c^lls.  and  rauaed 
a  diflcharge  of  correBpondingly  different  efferent  stimiiU  to  the 
gland  cflls,  as  eJbo  to  the  variation  in  amount  and  Idud  of 
psychical  stimulation  by  the  vatiatioTi  to  sight  and  emell  of  diSor- 
ent  sorts  of  food. 

This  explanation  was  given,  however,  before  the  days  of  Baylisa 
and  Starling^s  discovery  of  Ihe  cbemicjtl  excitants  to  secretion, 
and  the  question  now  remains  an  open  one  whether  the  nervous 
system  has  anytling,  and  if  so  how  much^  to  do  with  tlie  adapta- 
tion of  sGcretion  to  food,  and  with  the  characteriatic  variationa 
above  described  oE  rate  and  progwsa  of  secretion  with  the  nature 
of  the  food. 

In  the  light  of  our  new  knowledge  the  whole  subject  of  aecreljoa 
stands  ripe  for  inveatigaLiou,  and  b  rich  in  promise  of  new  addi- 
tions to  our  knowledge,  of  the  highest  value  to  physiology  and  to 
medicine. 
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CHAPTER  VII 


THE    ATMOSPHERE 


The  conception  of  Laplace  has  been  generally  accspted  th&t  me 
solar  system  iirose  as  a  condensation  from  a  vast  nebula  of  goseoud 
matter,  a  nebula  such  as  maj  be  seen  in  various  parts  of  the 
heavcHB  at  the  present  day.  Tbls  nebula^  by  radiating  its  heat 
into  Bpaco,  cooled  and  contracted  in  volume,  and  in  ho  doing  threw 
olT  lijiga  of  vftpour  nt  various  stages.  Tbese  rings  by  the  action 
of  gravity  and  centrifugal  force  became  moulded  into  planets. 

The  earth,  intensely  heated  by  the  latent  heat  set  free  in 
the  procc33  of  condensation,  first  appeared  as  a  luminous  niasa 
anrronoded  by  an  atmosphere  of  metallic  vapour—"  vapours 
which  condensed  and  fell  and  boiled  off  again  on  touching  the 
hot  surface.*'  In  the  infinity  of  time  the  crust  of  the  earth 
cooled,  the  metalUc  vapoura  condensed  into  solid  earth,  the 
atmosphere  cleared,  and  finally,  but  under  vastly  different  con- 
ditions to  the  present,  conditions  of  heat,  humidity^  &o.,  with 
earth  and  atmosphere  in  a  more  intense  state  of  chemical  fiuK, 
the  sytithefiis  of  protoplasm  took  place.  As  the  earth  cooled 
it  ceased  to  appreciably  affect  the  temperature  of  the  atmosphere, 
and  the  latter  finally  came  to  be  maintained  by  the  sun's  rays 
some  21)0°  C-  warmer  than  space.  Atmosphere  and  water  clung 
to  the  earth  owing  to  the  attraction  oi  gravity.  The  moon 
with  ita  smaller  mass  has  long  lost  both. 

The  {question  has  often  been  raised  as  to  whether  lite  exists 
in  any  of  the  other  planets.  The  Hurvey  of  terrestrial  life  shows 
a  wide  rangft  in  the  scale  of  physical  conditiona  under  which 
protoplasm  is  capable  of  living.  Condors  circle  round  the  peaka 
of  the  Andes  mile^  high  in  realma  of  cold  attenuated  air,  fishes 
swim  m  the  profound  depths  of  the  ocean  wliere  the  water 
pressure  is  equal  to  two  tons  to  the  a^,  inch-  Algje  have  been 
found  in  hot  springs  living  at  a  temperature  of  55°  C,  and 
Richct  discovorad  the  sulphur  organisms  of  Luchon  Uving  in 
water  at  7C"  C.    Dollingor,  in  a  period  of  four  years,  gradually 
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ufitomed  Flaijdhria^  whict  normally  live  in  water  at  15°  C, 
live  in  water  at  70°  G.  To  destroy  the  aporea  of  bacilli 
mperatures  ol  110°  to  120°  C-  are  required.  On  the  other 
Ihauilf  alg^  which  produce  red  sitow  Nourish  at  a  teniperatore 
low  0°  C-,  ajid  baeterifl  cau  withstand  cold  exceeding  —  200°  C. 
prcwlucetl  by  the  evaporation  of  lirjiiid  sir.  3oine  organiBms 
only  ilourish  in  the  purest  aea-watcr,  while  others  multiply  in 
nditiona  of  putrescence  where  there  la  entire  abacnce  of  free 
ygen.  Nevertheless,  in  Mara,  which  is  but  halt  the  difimetcr  of 
e  earth,  and  stlU  mora  in  the  other  planets,  the  conditions  of 
,  maisture,  light,  and  gravity  must  incalculably  transcend  all 
terrestrial  variations,  and  render  the  existence  of  protoplasm 
there  most  improbable,  and  certainly  forbid  the  evolution  of 
terroatria!  forms  of  life.  It  ifl  none  the  leaa  conceivable  tbat 
in  the  lofLuity  of  epacc  othor  sung  exist  attended  by  planets 
where  the  phvaical  conditions  are  similar  to  those  on  the  earth, 
^■and  wherp^  life  exists.  Ajh  th^  structure  ol  the  atom  \%  now 
^Htecogniaed  to  resemble  a  miniature  univerHC,  so  our  univerae 
^Btaay  be  but  an  atom  in  one  iriEnitcly  greater. 
^H  The  chief  source  of  kinetic  energy  on  the  earth — with  the 
^■exception  of  the  tides,  whieli  depend  on  the  rotation  of  the 
earth  on  its  axis — la  the  light  and  heat  mya  of  the  man. 
OurrentH   of   air,   winds,  and   storma  arise  from  iinetjual  warnung 

Pol  the  dif!erent  Uiyera  of  the  air,  the  ocean  currents  from 
Tinequal  warming  of  the  aea.  By  the  auc's  heat  water  vapour 
is  formed  and  lifted  into  the  higher  and  colder  regions  of  the 
BtmOBphere.  There  the  vapour  condenses  and  the  kinetic  energy 
of  the  ethereal  wavea  appears  as  the  Idrjetic  energy  of  the  falling 
iai[]«  and  of  the  dowing  brooks  and  atreania.  Sunlight  drives 
alike  the  shipa  and  windmilla,  the  water-whocla  and  the  electric 
BQotorH  at  the  Niagara  falls,  the  suidlgbt  wliich  illuminated  the 
earth  nullions  of  years  before  bums  in  our  fires,  and  drives 
our  factory  machineB  and  locomotives.  The  sunlight  generates 
the  energy  of  the  whole  living  world. 

The  composition  of  the  atmosphere  and  the  nature  of  the 
process  of  combustion  and  of  respiration  have  only  been  known 
for  some  sik  score  years,  while  geolngical  evidence  points  to  the 
r«risterce  of  man  for  years  which  probably  number  hundreds  of 
thousands,  and  arch  geological  evidence  shows  that  the  cbcmir-a] 
handhng  of  metals  had  advanced  in  Egypt  so  far  as  the  fashion- 
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ing  of  copper  and  gold  ornaraetita  COOO-7000  years  ago.  The 
energy  of  tlic  alchemiat,  misdirw^ted  in  pursuit  of  tlie  tranfimiiUi- 
titin  of  nietaU,  w&a  wanted  owing  to  the  neglect  of  occur&te 
Tneaaurement  and  weighing  of  the  flubstancea  used  in  and  the 
products  obtained  by  their  manipuktiona.  '*  If/'  says  Scheele  in 
177T,  *' the  chemifltfl  of  the  preceding  century  had  thought 
worthy  of  a  more  particular  enamination  the  elastic  fluids 
reseEiibliug  air  which  manifest  themaelved  iii  so  many  operatcooa. 
how  advanced  ahould  wc  now  be  I  They  desired  to  see  every- 
thing in  corporeal  fonn,  and  to  colloot  everything  as  drops  in 
the  receiver.*'  * 

Leonardo  da  Vinci,  who  followed  the  pursuit  of  ecience  with  no 
less  geniud  than  that  of  art.  observed  that  fire  robbed  air  of  its  life- 
su^tairiing  property.  Van  Hclmont  (1557— 1G04)  separated  a  gaa 
which  wfts  given  off  by  the  action  of  vinegar  on  ehell,  by  burning 
wood  end  by  fermentation,  a  gae  which  would  not  support  life — 
in  fact,  carbomc  acid  gas.  Mayow  (164^^—1679)  recognised  that 
there  was  In  the  atmosphere  an  essential  part,  active  in  supporting 
cnmbustinn,  in  calciniitg  metaK  in  changing  venous  to  arterial 
blood*  and  in  sustaining  fermentation.  He  detcnnined  that  con- 
fined air  Iq9c^  its  power  to  support  combustion  and  life.  Mayow, 
in  fact,  diacovered  0X3'gen  under  the  name  ''spiritua  nitro-arius," 
but  hi»  experiments  attraeted  little  notice  and  were  soon  forgotten. 
Boyle  (1024—1694)  demonstrated  to  the  newly-founded  Royal 
Society  the  death  of  animals  placed  in  the  evacuated  receiver  of 
his-  celebrated  air-pump*  and  reogniscU  that  the  air  must  be 
renewed  in  auEtaining  life  by  arti£cial  respiration^  Bernouilli 
found  that  fish  coulcl  not  live  in  boiled  (f^as-free)  water.  Lower 
(16ti9)  observed  tbe  colour  change  of  venous  into  arterial  blood 
during  the  artiUcial  reaplration  of  an  animal.  Joseph  Black 
(175T}»  by  his  admirable  researches  on  the  analysis  aad  synthesis 
of  chalk,  separated  *^  fijced  air''  (carbonic  aeid),  and  studied  the 
propertiea  of  this  gas.  In  1772,  Scheele,  a  poor  Swedish 
apothecary,  '*  put  an  ounce  of  purified  nitre  in  a  glaas  retort  for 
distillation,  and  made  use  of  a  blailder,  moistened  and  emptied 
cpf  air,  in  place  of  a  receiver,  Aa  soon  as  the  nitre  began  to  glow 
it  also  began  to  boil.  anJ  at  the  same  time  the  bladder  woa 
expanded  by  the  "  iirG-air "  (oxygen)  that  passed  over.  In 
1774,  Priestley,  an  eminent  Unitarian  minister  of  Birmingham, 

'  FerkLD  and  Ll'^u,  "  iDLmducLloa  to  Cbemistrj  anil  Ph^slCA." 
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Separated  '^  depMoeiaticatcd  air  "  (oiygen),  by  heating  with  a  burn- 
ing-glaaa  red-lead  over  mercury.  Ha  dotetioined  that  *'  fixed 
air"  tCO^),  ia  a  product  of  reapiration,  and  that  plants  purified 
c*tnfijied  air  and  made  it  again  fit  for  respiration,  Priestley  de- 
termined that  combiifitioiiT  reapiratJoa,  arid  tbe  colour  of  arterial 
blood  depended  on  the  presence  of  "  dephlogisticated  air,"  But 
corifined  by  the  theoriea  of  StabI,  he  misinterpreted  hia  reeulta,  and 
supposed  that  respiration  diaembanassed  the  body  of  "  phlo^ton  " 
or  fire  matter  introduced  with  the  food,  that  arterial  blood 
became  red  because  it  was  freed  from  '*  phlogiatio  air**  (nitrogen). 
Lavoisier  (174:^-1794),  hearing  of  Priestley's  diacoi-ery,  by  Lis 
memorable  experiments  lasting  twelve  days  euccessively  sjTithc- 
sised  aad  analysed  red  oxide  of  merciuy,  showed  that  tkid  ie  a 
combination  of  oxygen  and  mercury,  and  that  the  separation 
of  the  two  is  effected  by  heat,  Stahl  and  his  school  supposed 
the  metala  to  its  coniponrulR  of  earths  charged  with  blie  matter 
oF  fire,  impregnated  with  "  phlogiston"  ;  that  the  earths  were 
simple  bodies  freed  from  phlogiston  by  caleination.  In  the  hands 
of  Lavoisier  the  process  of  oxidation  became  clear,  and  eombus- 
tion  wafi  proved  to  be  a  case  of  oxidation. 

Ail  m  not  a  chemical  CJ^mpound  but  a  miscture.  Analysed  in 
the  dry  state,  it  yields  on  the  average  by  volume  2093  per  cent. 
0,,  T*J'04  per  cent.  N^,  -tKJ  per  cent,  OOj  with  traces  of  ammonia 
and  0£one,  argon,  krypton,  neon,  metargon.  The  last  four  gases 
owe  their  presence  to  their  non-comhining  property.  They  are 
residues  not  employed  in  the  building  of  the  earth*s  crust. 
Air.  when  puie,  is  free  from  colour,  taste,  and  smell.  It  has  fre- 
quently been  asserted  that  air  varies  slightly  in  composition  at 
different  places  and  seasons.  Such  variations  are,  with  the  ex- 
ception of  COj,  due  to  unavoidable  errors  In  anai^'sia ^errors 
which  are  great^r^  or  smaller,  aewjrtling  to  the  degree  of  perfec- 
tion of  the  analytical  apparatus  and  the  skill  of  the  analyst. 

Air  collecte<I  by  means  of  balloon  sounds  at  an  altitude  of 
15,000  m.  has  the  some  composition  as  air  at  eeadevcl.  Air 
taken  from  the  ill-ventilatejl  pit  of  a  theatre  contained  2C'7 
per  cent.  0^  by  volume.  In  towns  the  CO*  percentage  may  rise 
to  6-9  parts  per  10,000.  Ozone  contains  three  attims  of 
oxygen  in  its  molecule,  one  being  in  the  active  htatc.  The  traces 
of  it  formed  by  atmospheric  eJectricity  are  more  abtindant  on 
mountains  and  at  the  seaside. 
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GflAcs  diffuse  with  a  velocity  inversely  as  the  sq*  rt.  ol  th«ir 
densities,  but  diffiiaicni  ia  so  bIow  a  process  that  it  would  take 
Bgea  to  restore  uniformitj^  to  a  perfectly  still  atmospliere  ii  fhia 
were  once  effectually  disturbed.  T\\e  ceaseless  convection  currents 
due  to  the  sun's  heat  keep  the  atmosphere  mixed  and  practically 
uniform  in  compoaition- 

Peoxygenatfid  or  impure  air  only  lurks  in  minea,  tunnels,  welb, 
and  brewers'  vata,  Lod  large  pulilio  lialls,  aod  these  require 
artificial  methods  of  ventilaUon.  In  small  rooms  the  ventilation 
which  takes  place  through  the  walla  is  usually  svifiicient,  bnt  in 
large  rooma  as  the  air  content  Increases  aa  the  cube  while  the 
wall  surface  increases  aa  the  square,  the  ventilation  is  imperfect, 
and  stagnant  atr  &lls  the  central  parts  (Haldaney 

When  a  mixture  of  gases  dtssolvea  in  a  liquid,  each  component 
diaaolve»  according  to  its  own  partial  prea^iire  (Dalton^a  law). 
There  are  divergencea  from  these  laws  Iti  the  case  of  very  soluble 
ga&ea  and  at  great  preasurea.  The  chief  gases  of  the  atmoapheic 
are  sparingly  soluble^  and  are  neutral  gased  forming  neither  acidic 
nor  basic  aubataiices  by  their  union  with  water.  The  higher  the 
temperature  and  the  less  the  partial  pressure,  the  more  the  gas 
molecides  by  their  increased  mobility  escape  from  their  solvent. 

The  air  respired  by  aquatic  animals  is  that  dissolved  in  the 
watotT  and  as  the  respective  solubiUtics  of  N^  and  O.j  at  0*  C, 
are  '02  and  -04  respectively,  water  holds  in  proportion  tc  nitrogen 
more  o3n'gen  than  the  atmosphere.  The  amount  of  these  ga^es 
diBflolved  in  the  sea  appears  to  be  uniform  at  all  deptlia  thus : — 


JJfpth. 
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The  COj  in  the  sea  is  combined  as  bicarbonate  with  calcium 
carhonateT  of  which  there  is  Elways  an  excess  (CaCO.,  H- H^COj). 

The  composition  of  the  atmosphere  probably  htts  been  almost 
constant  throughout  the  more  recent  geological  agea^  It  ia 
kept  so  by  the  metabolic  antagonism  of  the  plant  and  animal 
world-  The  food-stufb  of  green  plants,  C0„.  H^O,  nitrates,  and 
other  mineral  salts  are  sutu  rated  o  icy  gen  compounds.  They 
possess  no  more  potential  energy  than  a  sbone  lying  on  the 
earth.  The  energy  of  the  sunlight  activates  by  means  of 
clilorophyll  the  plant  protoplasm,  and  this  auudermg  oxygen  from 
carbon  and  hydrogen  builds  compounde  which    are   themselves 
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poor  in  oxjgent  and  poaseaaiug  a  bigh  affinity  for  oxygon^  atore 
up  chemical  pottntial  energy. 

As  a  f^cneraliBattoUf  plante  build  and  aninialfi  destroy  organic 
substances.  The  life  of  the  pUnt  i^  synthetic^  a  reduction  process ; 
that  of  tlws  aniiaal  analytic,  an  osidation  proceaa.  The  plant 
converts  kinetic  into  potential  energy;  the  animal  converts  the 
potential  energy  of  its  foiid-atiifi  —the  plant— into  kinetic  enei^". 
But  there  is  no  jump  in  nature.  Ther«  are  unicellular  chloro- 
phyll-[reii  orgamsToa — oioulda  and  bacteria — which  cannot  as- 
similate carbon  out  of  CO^.  They  must  he  fed  on  organic 
combinatioiifi — on  sugar,  tartrate^*,  dec.  On  the  other  hand,  these 
organisms  aaaimilate  nitrogen  from  inorganic  combinations — salts 
of  ammonia*  nittite^ — and  ayntheaiBc  proteid-  By  piodudng 
fermentation  they  decompose  organic  compounds,  and  like  animala 
use  up  potential  and  develop  kinetic  energy — warmth  and  niove- 
ment.  Certain  highly  orgHnisiid  parasitic  plants,  belonging  to  the 
phanerogams*  are  also  chlorophyil-free  and  feed  on  organic  matter 
sjlithcaiaed  by  other  plants. 

On  the  arumal  side  thero  are  certain  worms  and  Cajlenteratea, 
such  as  Hi/ilrn  '^iridis,  which  contain  cWoroplasts,  and  seek  the 
sunlight  and  die  when  kept  in  the  dark.  The  chlornplaats  belong 
to  monocellular  algte,  whicL  live  symbiotically  In  these  organiams. 
Within  the  stiff  cellulose  membrane  of  each  cell  of  the  higher 
plants  there  hea  u  contractile  protoplasmic  body  whieh  respires 
and  showa  active  streaming  movements,  using  up  oxygen  and 
giving  out  carbonic  acid.  Only  in  the  chloroplast-holding  cells  is 
this  process  of  ojtidation  covered  by  an  intenaer  process  of  reduc- 
tion which  obtains  during  the  incidence  of  sunlight.  Similarly 
in  every  coll  of  the  higher  animals  synthetic  as  well  oa  analytic 
processes  take  place. 

The  combustion  that  takes  place  in  the  living  organism  is  no 
audi  ^liuiple  process  as  the  combustion  oJ  coal  in  a  steam-engine. 
The  food,  before  it  reaches  its  final  end  products,  undergoes  a 
whole  row  of  different  chemical  changes,  changes  of  varying 
energetic  significance.  In  the  ateam-engine  the  heat,  denved 
from  the  chemical  energy  of  the  fuel,  is  the  motive  powepj  and 
it  matters  little  from  what  fuel  tlie  lieat  comes,  bi  the  organism 
the  food  is  not  only  he  at- producer,  hut  tissue  huilder  and  repairer, 
and  generator  of  new  organisms  of  a  similar  type. 

Regarded  as  a  source  of  energy,  the  food  must  be  converted 
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into  varying  inteTtncdiary  products,  the  aourcea  of  muscular, 
nervous,  aud  secretory  activity,  convereiotia  which  signify  mani- 
fold chemical  proceasfta.  The  living  cell,  wonderful  in  its  minute- 
nesa.  Is  capable  of  the  uioat  cxtraonlinary  uumber  of  chenucal 
reactiona,  many  of  which  run  in  opposite  directions.  Tho  liver 
cell,  Eor  example^  builds  glycogen  out  of  3ugar.  and  sugar  out 
of  glycogen,  forms  urea  and  uric  acid  out  of  amido-acida  and 
ammonia,  breaks  down  hEPmoglobin.  separating  iron  and  form- 
ing  bilirubin,  proilucea  diolsbi;  acid  out  of  unknown  preuursoni 
and  Mnks  it  with  taurin  and  glTcin,  and  binds  phenol  with  tho 
radicle  of  Bulphurlc  acid.  These  are  the  chief  known  acti^^tieB ; 
in  addition  there  are  hoata  of  othcrSn  including  tho  assioiiJatioa, 
hydration,  and  oxidation  of  food-attifla.  In  the  laboratory  such 
chemical  reactions  can  only  be  carried  out  with  the  diiferent 
reogenta  separated  in  many  vceaels,  with  the  ^d  of  heat  and 
other  physical  agencies,  acids,  alkalies,  &c.,  uaed  as  activators, 
and  many  laboratory  appliancea.  In  the  cell  we  are  confronted 
with  an  astounding  almplicily  of  atruclure,  arid  a  meehanism 
which  spares  s^iaca  and  energy  to  a  marvellous  degree. 

HoEmeisler  auggeats  that  the  fundamental  principle  of  this 
fitructure  is  the  exiatence  of  innumecftblo  enzymes,  or  precuraora 
of  enzymes,  of  a  colloidal  nature ,  which  are  fixed  in  tho 
colloidal  bioplasm  owing  to  their  non-diiTueible  nature-  Tho 
cell  is  fonned  like  a  foam -structure,  and  the  colloidal  enzymes, 
being  separated  by  the  impermeable  membranes  of  the  foam» 
give  a  chemical  organiaation  to  the  cell  and  allow  an  orderly 
j>rogro3&ion  of  chemical  reaction.  If  we  conceive  that  the 
products  of  one  reaction  activate  another  en^^yme,  which  starts 
a  second  reaction,  and  so  on  in  progression,  the  sequence  of 
activity  is  explained  in  a  plauaible  way.  The  cells,  owing  to 
their  colloidal  structure,  are  continually  permeated  by  a  cunent 
of  diffusible  substancea,  which  seta  from  blood  to  lymph,  a 
watery'  solution  of  oxygen,  ealbi,  sugar,  glycogen^  &o-  Tho 
reactions  take  place  >)ptween  the  enzymes  and  the  contents  of 
this  current-  Nothing  but  a  colloidal  atructnre  would  allow 
Huch  a  complication  of  organisation  to  be  confined  in  the 
Hmalleat  apace,  together  with  permeability  to  non  -  colloids. 
The  kinetio  cnei^v  of  living  organisms  is  obtained  from  the 
enzymic  decomposition  either  of  the  bioplasm  itself  or  of  the 
non- colloidal  food-stiiffs  that  permeate  the  bioplasm.    The  quick 
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road  tliat  proteid  tak^s  to  ur<*a  when  fwd  in  excflss  renders  un- 
tetiftUft  the  hyjwtlieala  of  PHiiger  tbat  all  protdd  m  built  into 
bioplasm  of  tlie  ceiIIb  before  ite  energy  ■producing  decompcaitiou. 
In  tliB  oxchan^  between  tissue  ccU  and  blood  probably  the  some 
enzynnc  decompoaition  o(  the  colloidal  food-atufis  tal^ea  place  as  in 
the  intestine.  The  minced  organa,  whoQ  allowed  to  undargo 
autolytiid  in  aseptie  eondilions  and  at  body  temperature,  yield 
fenni^nts  and  pruduct^  of  drgcstina  whicli  suggest  that  eacli  cell 
can  at  need  diaaolvo  partd  of  ita  corporeal  maaa  and  send  into  the 
blood  stream  non-colloidal  food-etuffa,  which  there  becoiiie  raised 
to  the  colloidal  state  and  carried  to  otter  organs  to  satisfy  their 
needs.  Such  a  process  takes  place  in  the  formation  of  the  auh' 
stance  of  tha  generative  glands  of  tlie  salmon  froni  the  fat  and 
proteid  of  the  back  muscles,  during  the  long  fast  that  these  fiah 
take  \Q  ascending  the  rivers  ftom  the  sea  to  theit  breeding  stations. 

The  products  o£  the  enzymic  decomposition  of  the  food-stuffs 
are  in  moat  cells  brought  into  the  final  state  of  oitidation  aa  CO^. 
HgO,  The  animal  organism  uses  sparingly  the  nitrogen -holding 
nucleus  of  its  bioplasm,  which  is  only  obtainable  out  of  proteid 
focds,  and  obtains  its  energy  from  the  combualiou  of  tho  carbo- 
hydrate group.  This  group  can  be  conceived  either  aa  permeat- 
ing the  cell  in  the  non-coUoidal  state,  or  ag  forming  a  side  chain 
to  th«  central  nitrogenous  nUL^leus,  a  chain  wliicb  can  be  easily 
bound  ajid  broken. 

The  demand  for  osygen  varies  greatly  in  diiTerent  organismSn 
In  mammals  and  birda  the  aupply  becomes  rapidly  eKhauatod, 
while  the  lower  vertebratea  can  survive  asphyxia  lor  many  hours 
at  low  temperatures,  Thia  difference  does  not  depend  entirely 
on  the  homoio-  or  paikilo-tbejraiam  of  the  vertebrates,  for  it  is 
ftlflo  found  among  invertebrates.  Thus  Copepoda  become  motion' 
leaa  after  exposure  to  a  current  of  hydrogen  tor  thirty  mmutea, 
while  leeches  show  active  movements  after  three  davs.  The 
atreamfng  movements  of  the  cytoplasm  of  plant  cells,  eg.  the 
Btsmen  haira  of  Tradejwantia,  the  development  of  ova,  the  move- 
ments of  amcEbae,  and  the  wonderful  to  and  fro  streaimngs  of 
the  Plasmodium  of  niyxomycetcs  are  arrested  alike  in  the  absence 
of  oxygen,  and  finally  the  protoplasm  in  each  case  becomes 
cloudy,  clots  and  dies.  The  anaerobic  bacteria  gain  oxygen  by 
decompoHiikg  nitrates,  and  using  this  to  decompose  carboliydratea, 
obtain  energy. 
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The  wKole  of  the  carbon  of  tlie  living  world,  of  the  vast 
foreata  and  myriad  animal  forms,  cornea  from  the  -03  per  cent, 
COj  in  the  atmOBphere.'  Tlie  amount  of  tliia  CO^  Ls  estimated 
at  "2  4  X  lO^*  tons.  Brown  and  Enacombe  have  conlrasl^d  the 
rate  of  absorption  of  a  solution  of  potaah  with,  that  of  the 
atomata  of  the  ksvcs  of  Vataifa  hignoiiXGidiis,  and  found  that 
the  l&tter  abeorb  00^  from  a  current  of  air  no  leaa  than  fift^ 
times  quicker  than  the  potash.  One  aquars  metre  of  leaf  surface 
laid  ou  1  gnu,  of  dry  suhstam^  per  hour  corresponding  to  784  c.c. 
CO^  and  the  stomata  occupied  only  1  per  cant,  of  the  surface. 
The  chloropluats  of  the  plant  cells  act  ob  an  "  activator,"  con- 
verting hy  the  fluorescence  of  the  chlorophyll  pigment  a  large 
part  of  the  highly  refractile  raya  of  aunlight  into  red  raya,  and 
activating  the  chemical  reactions  of  the  protoplasm  which  result 
in  the  condenaation  of  COn  and  TLjO  to  a  hexoae.  It  has  been 
auggeflted  that  the  formation  of  formaldehyde,  H.OHO,  is  the 
first  stage  in  the  reduction  of  CO,.  This  substance  in  the 
presence  of  weak  alkah  readily  undergoes  polymerisation  into 
formosB  (CH^O  )^,  a  miKture  of  substances  some  of  which 
have  the  compoaition  of  the  sugars.  Hudey  haa  calculated 
that  the  atmosphere,  superincumbent  on  one  square  mile  of 
country,  continually  holds  13,801)  tons  of  COo — enough  carbon 
to  supply  7400  toua  of  trees.  Bunga  suggests  that  in  the  early 
and  more  volcanic  pBriods  of  the  earth's  history  the  percentage 
of  f  .0^  stood  at  a  higher  figure,  aud  tlie  luscious  growth  of 
vegetation  in  the  Carboniferoua  period  obfltracted  this  excess. 
This,  buried  as  coal,  is  now  being  rapidly  returned  to  the 
atmosphere  by  fire.  Bunge  also  suggests  that  the  percentage 
o£  CO^  in  the  atmosphere  is  being  reduced  by  its  union  with 
the  bases  of  the  earth's  crust.  The  chief  reeks  of  the  crust 
arc  carbonates  and  silicates  of  calcium,  magnesium,  ferrous 
osidc,  &c.  In  the  presence  of  water  and  in  the  cold  CO^  has 
a  greater  affinity  than  silieie  aoid  for  the  bases.  Rain  and 
waves  containing  tracea  of  COj  eeaaelessly  corrode  the  silicic 
rocks,  mid  froni  their  solution  the  carbonates  of  chalk  and 
mttgiieaiA,  and  the  silicates  clay  and  sand  are  thrswn  down. 
In  the  deeper  strata  heat  arises  from  the  mechanical  effects 
of  Gomprcflsioo,   and    under   the  inEucnee    of    heat   silicic    acid 

1  Bacteria  ora  known  vhEch  BaBimiloU  the  minute  Crsoe  of  hjdjooarboa  in 
tiie  atmcupbcrc  and  oimnot  utllin  CO^ 
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gaiaa    the    mastery  ovsr  and  expeb   CO^,     The    latter   gas   ia 

returned  to  tlie  atmoKptiere  through  volcanic  fiSHureH.  Bunge 
hltewiae  suggests  tha-b  the  percentage  of  oxygen  is  leasenjiig, 
Forroua  oxide  ariaea  os  a  product  ol  the  dccompoaition  of  certain 
Bilicat^S)  and  tliia  con:ibinefl  with  oxygen  to  form  ferric  oxide. 
The  ferric  oiide  ia  decomposed  iu  the  presence  of  rotting  organic 
matter  and  the  ojivgen  returned  to  the  atmosphere  combined  && 
COa-  Plant  life,  either  liviag  or  rotting,  aeems  to  be  the  sole 
moans  by  wliich  osygcn  is  eet  free,  and  it  is  doubtful  whether 
all  th«  osygcTi  returns  to  tho  atmosphere,  which  ia  combined 
in  the  proceeaes  of  respiration,  combustion,  and  in  the  oxidation 
of  iron  and  fiulphur. 

As  this  earth  cckjU  and  itfi  crust  conaolidatea,  Bunga  sii[ipoAes 
more  and  more  COt>  will  become  fixed,  and  if  thia  iixation  \^ 
unbalanced,  life  must  finally  cease.  There  is,  however,  another 
iourca  of  CO^ — the  bicarbonate  of  lime  dissolved  in  sea-water. 
When  the  tension  of  CO^  in  the  air  falls,  bicarbonate  becomes 
diaaociated  into  carbonate  and  CO-.  The  procesa  reverses 
when  the  tension  rises.  Thus  the  emomit  of  COj  is  kept 
constant,  and  Bun^^'s  prophecy  can  be  discarded.  In  tho 
Bea  it  is  estimated  there  is  27  t^ea  as  much  00^  as  in 
the  atmoflphere,  and  that  an  additional  O'l  per  cent.  CX)^  in  the 
atmosphere  would  leail  to  the  ahaorptian  by  the  sea  of  385  x  10' 
tona  in  one  year  (A.  Krogh), 

Without  a  due  supply  of  nitrogenous  food  living  matter 
cannot  carry  on  the  proceaooa  of  growth— the  building  of  ekelotal 
fttmctures  and  the  storage  of  food-atuffs.  In  the  higher  plants 
nitrogen  appears  to  be  employed  almost  entirely  for  the  building 
of  organ  proteid^  while  carbohydrate  is  used  for  skeletal  structures 
— e.fj.  bark,  store  of  thia  being  eaaily  obtained. 

Saprophytca  and  parositea  living  in  plenteous  supplies  of  nifcro' 
genoufi  matter  build  with  chitin  in  place  of  cellulose,  Animala  use 
both  nitrogenous  and  carbohydrate  matter  as  sources  of  kinetic 
energy,  and  in  them  a  daily  output  as  well  as  intake  of  nitrogen 
occurs.  Nitrogenous  matter  as  a  source  of  energy  is  waeteful,  for 
only  tho  carbohydrate  moiety  ia  required.  Tho  higher  plants 
obtain  energy  from  the  combustion  of  carbohydrate,  and  with  tho 
poflsible  exception  of  the  alkaloids,  do  not  excrete  nitrogem 
Nitrogenous  matter  is  used  aa  a  source  of  energy  in  the  decora- 
position    of    organic  nitrogenous   matter  by  numerous  kinds  of 
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denitiifjnng    bacteria,    and    those    bacteria,    which    produce    the 
liydrolTtic     fermentfition     of    urea    into    aTnmoniunv     carVion&tfl 

The  discovery  of  mtrifTJng  bacterift,  and  of  tho  fact  that 
atmospheric  nitrogen  ia  assimilated  by  their  means,  is  one  of 
the  most  intereBting  and  important  of  recent  timpfl- 

Beijermck  discovered  that  a  bacterium — the  bacterium  radici- 
coLs — lives  aymbiotically  in  the  root  nodulea  of  the  Legurainoaie, 


''rote 
fit 


Fi«,  7 


Buch  aa  the  pea,  clover^  lupin,  and  that  by  means  of  theas  bacteria 
the  peas  acquire  more  nitrogen  than  there  is  in  the  test  soil. 
Such  cropa  may  bo  grown  and  ploughed  in  to  enrich  aanUy  aoiU 
for  wheat  growings  Kuhn  has  calculated  that  a  hectar  fabont 
two  acroaj  of  soil  may  be  enriched  by  6G  kg.  of  Nj  yearly  by 
mean*  of  nitrifying  bacteria.  The  raw  nitrogcnoua  material  avail- 
able for  the  ayntheffls  of  proteid  includes  (1)  the  atmospheric  N^ 
obtained  by  nitrifying  bacteriftn  (2)  The  traces  of  ammonia  and 
nitrio  acid  in  the  air.     Electric  dificharge  in  a  moist  atmoaphere. 
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Bs  in  a  tlmnderstorm,  causes  the  combination  of  nitrogen  nnd 
hydrogen  to  form  ammonium  nitrite,  2N+ 2HjO  =  N^H^NOj.  It 
has  been  calculated  that  about  1)])  leg,  of  Nj  are  thus  carried  down 
by  the  rain  per  acre  per  annum,  i'^.}  Ammoma  aalte,  mtritea 
and  nitrates  in  the  soil  and  water.  (4)  Organic  nitrogenous 
eompoun^Js  from  dead  plant-s  and  animals,  such  as  acid  aTDidea, 
amido-acida.  amines,  and  other  proteid  d^^nvatea.  Such  are  the 
auppliea.  On  the  other  hand,  every  combustion  of  organic 
matter,  whether  by  fire  cr  by  denitrifying  bacteria,  aeta  nitrogen 
free,  Bunge  has  calculated  that  in  t'Q  years  10  men  die  for 
each  sq.  Irilometre  of  land  of  the  earth's  Burface.  If  cremation 
becomes  univ/ereal  ho  much  piMrer  must  the  land  become  in 
nitrogen.  An  additional  lona  for  the  present  time  is  the  vast 
amouT^t  oE  eewogc  thrown  into  the  flca  and  the  enormous  mass 
of  organic  matter  burnt.  Already  the  older  countries,  euch  ae 
England,  mitst  be  manurecl  to  ensure  the  raising  of  good  cropB^ 
aiid  to-day  the  combined  nitrogen  of  the  virgin  Boila  of  America 
are  poured  down  the  English  sewers  mto  the  sea. 

Denitrifying  bacteria  are  very  numerous  in  dung  heapa,  &c. 
They  act  only  in  anaerobic  conditions  and  in  the  presence  of 
carbohydrate,  The»e  organisms  have  been  regarded  as  the 
farmer's  enemy,  ss  destroyers  of  the  nitrogenous  food  of  plants. 
Probably  the  conditions  are  such  in  the  soil  (r,/^.  preHcnce  of 
oxygen)  that  their  action  is  not  energetic.  The  small  amount 
of  animal  hfc  in  tho  Pacific  Ocean  hoa  been  attributed  to  Uie 
presence  of  denitrifyirig  bacteria,  to  those  bacteria  robbing  the 
planta  of  nitrates,  and  so  preventing  a  sufhcient  growth  of  food 
iupplies  for  animals.  The  process  of  denitrification  probably 
consists  ot  two  stages,  each  stage  being  induced  by  the  enzymic 
action  of  a  different  organism.  The  firat  stage  ia  the  reduc- 
tion of  nitrate  to  nitrite,  the  aecond  the  decomposition  of  the 
nitrite  and  evolution  of  nitrogen.  Such  a  decompoeition  occurs 
in  a  solution  of  ammonium  nitrite  near  the  boiling-point^ 
NH^NO.j;^Nj+ 2Hjn,  and  ia  ac^lerated  by  platinum  black 
acting  as  a  catalyaer.  The  nitrifying  bact«ria  probably  reverse 
the  action  of  the  denitrifying  bacteria. 

Nitrification  bacteria  were  discovered  by  Winogradsky,  The 
mtToiovioj'fH  oxidises  ammonia  into  mtrates,  while  the  nUrO' 
bacteria   oxidises  nitrites  into    nitrates.     These    organisms    only 
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grow  in  media  contaimng  neither  orgaaic  nitrogen  or  caibohydiate. 

They  are  of  great  theotetical  interest^  because  they  buiJd  proteid 
out  of  inorganic  Halts  (ammonia  or  iiitritea,  00^  and  NiLjCO,.  aro 
neceesary)  without  the  aid  of  chlorophyll-  It  taa  been  demon- 
strated that  the  aynthcais  of  plant  protoplasm  takes  place  in  tho 
green  leaves,  for  the  protoid  content  increaaefl  if  the  leavea  ot  the 
sunflower  are  fed  with  a  fiolution  of  augEir  and  pota^um  nitrate. 
(This  ayntheais  goea  on  in  the  dnrk.)  A  purely  tentative  auggestion 
liaa  been  put  forwanl,  that  oiy-fatty  adds  produced  from  the 
sugar  may  unite  with,  ammonia  nitrite  to  form  amido-acida>  e.g- 
CH,OH  -  COOH  4-  NH^NO,  =  CH«NH., .  TOOH  +  HNO,  +  HA  f^^d 
that  the  protoid  h  formed  by  tho  condonaotion  of  theae  amido- 
acida.  The  study  of  the  hydrolytic  decompositicn  of  proteida 
and  of  the  produf^ta  of  eondenaation  of  nmido-acids,  such  as 
Grimaiix's  artifiriwl  roljoids,  haa  led  Hofmeister  to  the  conclusion 
that  proteida  are  (^biedy  formed  from  the  condensation  of  tbeae 
aoida. 


Th&  molecular  cooaiiiuLlon  cF  the  priiteid.i  lioa  Ireen  aLudied  hy  decam- 
poking  tliein  hy  bjdrolytic  moans — by  boiliTi^  mitieral  acida  or  by  fipniieTiU, 
and  a\ao  by  strong  poto^hi  Diidising  agent«,  &c. 

Tlic  enJ  produrta  of  tlie  rtUtivtlf  "lof^^  -^inijjle  pruiciila  cou^fiBl  oF  a 
number  of  (^[-bon  nuclei,  vhkb  ntn  in  dieiuitial  (^onsiuutiou  ea  far  apHrt 
fcom  one  another  that  Lhcy  arc  i«Eard«i  aa  tiiatiog  preformed  in  the 
pwjteid  iiiolftule. 

Tha  nuclei  constantly  present,  fuoording  to  Hofmtiater,  CDneiBt  of — 
(1)  Nuclei  cnntaminKC,N,H,    Eiani plc^theguanidin radicle-— CNH.NlTj. 
(A  |frni]|i  wliii:h,  cm  hydroIy.iiH  witL  ImryU  waler,  yieEiiji  urea-) 
(S)  J4udci  contaimng  C,N,H,0— 

(a)  Mouo-ljasLC,    mono-amido    acids,    willi     Lhe     general     formula 

C«HgU  +  l,  NOj— a*  leucin  (C^,  glycin  (Cj),  alaniTi  (C^ 
(i)  DibuBic    mooo-flmido  acide^  OhH^_^,  NO^ — aa  glutominig  (GJ 

and  asparaginic  (C^)  wiiU. 
(e)  Mono-ltfuic  diamtdo  acEdo,  C„Hj„4.,,  ^flt' — ^  omithin  (diainido 
valerianic  acid),  ar^ininin   (guanidln  amido  vntarianii;  acid), 
lysin  {a-*  diaroido  cflnproic  acid), 
(3)  Amldn-alcoholfl  or  hcxoaainiuM,  wliich  yidd  the  cnrbnhydnile  group 
of   prDteidn  m   eliiti>aanun   (CgHuNOi^)-     A   ciirbolijdrale   proup   bj<B    Iwun 
obliLUc<l  fiviii  boLh  wmm  albunuu  FLiid  globuEiD,  laid  ia  prL>L}iib|y  voiamou 
to  inrflt  proLekls. 

(1)  Nuclei  ctmtaiaiiiK  0,N,H,0,S,  aA  cystein  or  amido-lhio-Iactie  acid, 
CH,9H,CU(NUa)C00H. 
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(0)  Aromatic  naclei.     The  phenyl-amido-propioityl  nucleus  coiutantlj 
appeara,  oa  in  Phenyl^atanin,  Tyrosio. 

OK       .        .        .        .<1) 

CH,,GH.NH,.C00H(4> 

(6)  Nuclei  of  the  pyrrol  group ;  pfrrolidiu  carbonic  aclJ. 

(7)  Nuclei  of  the  indol  group;  indol,  skabol^  tryptophan  (ekatol  (kmido 
acetic  acid) — 

C  .CHaXH.NHj.COOH 

/       % 

CjH,  CH 

NH 

(S)  Nuclei  oE  the  pyridin  group ;  after  long  lastiiig  peptic  dLgestion  of 
albumlai  and  heating  the  product  with  NaOH,  a  amell  of  pyndine  reaulta- 


AccoHDiTio  to  the  kitiotic  tbooty  of  pasoK,  the  molecuiefl  of  n  gas 
lire  fu  a  statp  of  nmslnnt  motitiTi,  ftiid  Ihe  jiresMire  extrtaJ  hy  n 
g&s  on  its  QCLghbcurbood^  trliether  solid,  liquid,  or  ga^,  i&  Tneasar^d 
by  the  iiumber  of  molecular  impafltK  p^r  unit  of  time.  If  tl»e  gaa 
witliia  A  chamlier  lie  compreftsed,  tba  pntts  of  t}ie  fttoma  are  ebort- 
eiied,  the  niimber  of  impaots  iiic?ree.s^^  mid  the  pressure  rises.  If 
the  tempenitiire  bo  rstibed  the  speed  of  the  UK^vemeut  iiicrenses,  blie 
number  of  impuot^  increane  in  unit  time,  and  the  prej^fiuro  riboe. 
Wlien  ft  gnu  is  rtuddeiilj  tTcimpr^^Jised  the  mte  c^  imjiiict  is  iinrfJisHd 
by  the  pu^h,  ^nd  tto  temperature  ii&es ;  conversely,  when  it  is 
decoim pressed — allnwed  sndiipxily  to  exprand — Ibe  teiapemture  falls. 

When  nic  under  conatanti  pi'esrtuie  ia  hpiited  it  eipdwde  by 
0003G7  of  its  volume  at  0"  C.  for  e«cb  degree  Centigrade.  TIiub  1  litre 
of  tnr  lit  0^  0.  becoioea  1'00367  1.  at  1"  C,  and  l'03{i7  1,  a,t  10'  C, 
To  find  what  tho  observed  volume  of  a  gas  at  the  observed  tempera- 
ture f  V.  would  be  when  reduced  to  0"  C.  we  have 


V  :  V  =  I  :  1  -I-  0-00367  i" 
VM 


.-,  V 


I  +  0-00367;^' 


At  A  constant  temperature  tbe  volume  of  a  gas  in  in  inrerae 
propui'tion  to  tbe  presMire,  A  litre  of  air  at  one  fttmoe^jjLere  occupies 
half  a  litre  if  compi^ea^ed  to  two  atmoepherea,  GTo  find  wh&t  the  volume 
of  a  ^&6  uieaaiiryd  under  a  presture  ;i  i^ill  be  under  iiorojn!  pressure 
760  mm.  we  have — 


v  = 


TLeee  two  fonaulte  can  be  combined  v-i  one — 


V  = 


and   tbifi  ih  the  f^irmida   used  for  rtdudtig  all  gas  vulumeR  to  the 
standard  0"  C,  &nil   760  tnai.     If  the  gatea  nre  measured  wet,  tho 


uo 
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teneioa  of  water  vapour  at  f  muat  be  deducted  fromjj.  The  por- 
centage  conipoaition  of  tbe  liir  meAfiared  by  voluxae  U  the  aame  on 
bot  or  oold  dtLje,  at  high  or  low  riltitudcs,  but  in  given  voJuice 
csontaius  IftiH  air  hy  wyiglit  on  Imt,  days  *\v  Jit  high  altittidf*. 

The  pi-<:Hcni:e  of  water  vapour  in  the  atmosphere  lowers  tbe 
tension  of  oiygec  For  eiflniple,  the  batometric  pret^uro  was  7566 
and  the  ivnter-vapour  tunsiun  49,  and  tL«  O,  teaHkou  on  tbiH  occabion 

equuUed  (7S66  -  49)  x  -j^  =  14B1  mm. 

The  intftke  of  Oi  is  not  dif&itly  ftflfltted  by  vsmtionfi  in  tempera- 
turo  and  dryntEs  of  the  air,  for  aK  thci  lung  air  i&  always  eatuiiited  at 
37*  it  does  not  matter  whether  the  air  is  hot  cr  cold,  moist  or  dry. 
The  0,  intake  iflp  however,  indirscilij  affected  by  the  mechn-Dieme  which 
regulate  thA  hody  temperature. 

la  1640  TorriceUi  invented  the  barometer,  and  eight  yeare  later 
Perier,  on  the  suggestion  of  Paacal,  showed  by  an  aacent  of  tbe 
Puy  fie  Dome  that  the  barometric  pressure  fell  with  the  increase 
in  altitude.  The  mean  pressure  at  Bea-levpl  and  latitude  4r/  is 
760  mm.  Hg.  It  varies  slightly  with  the  latitude  in  proportion  to 
ike  vaiiation  of  the  acceleiation  due  to  gravity* 

The  col f* Illations  of  the  boi)^ht  of  tho  atmcaphere  vary  from 
42,000  Ut  H^^n.OOn  kilometrHK,  and  have  been  niudp  fnnu  tlie  full  of 
harometrie  preEQuro  in  Imjloon  ascents,  from  the  height  of  Enoteora 
which  becontt  intvindescent  from  frittion  on  entering  th&  atmosphere, 
and  from  the  duration  of  twilight^  which  ia  caused  by  the  scatter- 
ing of  light  by  thn  lUist  nnd  vnpoiiE-  particles  in  the  atmosphere. 
As  the  atmosphere  ta  not  homogeneous  ia  t'ompo$ttiou.  anil  tbe 
centrifugal  fone  and  the  accoloration  due  to  gravity  which  act 
uj>on  it  vary  with  the  diatauce  from  the  earth,  a  compliciittid 
formula  (Laplace)  js  required  to  deduce  an  altitude  from  the  b^ro- 
metrio  presBiire. 

At  lIOOO  m.  the  preesure  is  roughly  400  mm.  Hg,  and  tho 
oxygen  by  weight  11  per  cent.,  or  aimost  half  that  at  sea-leveh 
For  each  300  ft.  of  aacent  the  temperature  falla  about  1"  F-,  and 
thus  the  refugee  from  the  hot  plains  of  India  ficda  at  a  height  of 
GOOO  ft.  ou  tile  Himalayan  alopea  the  uiuan  teniperatfire  of  the 
Riviera. 

The  Kigheretrata  of  the  air  are  very  cold  {-52' C.  at  10,500  m,) 
— owing  to  the  diathermancy  of  pure  air,  the  absorption  of  the  heat 
radiated  from  the  earth  by  the  dust  and  water  vapour  with  which 
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about  24  honra,  while  300  per  cent.  Oj  produced  inftuniraation  in 
hours.     Our  reaulta  confi.rm  liia. 
Lorrain  Smith  augged^  that  inflammation  of  the  hinga  may 
be  a  c&iisG  of  caiason  disease  aa  well  aa  decomprossioD  gas  embo- 
?ra.    We  do  not  find  much  in  our  experiments  to  confirm  this 
lew.     The  highest  preaaure  hitherto  used  in  L'jitssoriH  ia  445  atin-j 
the  men  never  work  for  shifts  longer  than  a  few  hours.     It 
jomfl  to   require  about  24  hours  at   +7  atm.  (=  lt>6  per  cent. 
:m.  OgJ  to  produce  marked  aymptomfl  of  pulmonarj'  congeation, 
^o  pneumonia  resnlu  at  ihia  preaaura  if  the  partial  preaaure  of 
[jgeii  is  reduiied  by  the  a<lditJon  of  nitrogen. 
We  observed  no  aign  of  lung  trouble  in  a  monkey  wliich  waa 
>fled  on  many  days  to  8  atm,  for  4-5  houra  at  a  time. 


The  Immunity  of  the  Swim-bladdkr  tci 

Ox  r  G  ES  -PO  IdONIN  o 

The  epithelium  of  the  swim-bladder  of  doop-3ea  fiBhes,  an 
jan  analogouB  in  its  development  to  a  lung,  seema  to  be 
imune  to  high  pressures  of  oscygen. 

Th?  awim'hlHdflt^r  In  u  \ong   HiLt  usually  lyiug  dorA&]  to  the  gu&t 

of  wLloh  Lt  is  ttn  ^^ntgrowth     It  is  prei^^Dt  in  mosC^  but  not  aU  fishea. 

some  L\iaea  there  is  a  ilucturi  pnGumuticuH  ccjmmuiiicitl^g  with 

gut.     Tbe  f\i[ictioa  of  the  ewiixL-bUdder  ia  to  adjust  the  speciGc 

LVily  iif  the  body  at  Jtny  depth  to  chiit  of  the  watev^  bo  that  the  fiali 

imalna  auepended  without  muiicuhr  effort.     Whoa  the  Sah  deacaads 

the  ivuier  the  ait'  In  the  bladd.*?!:'  is  couipress4*d,  the  upeciflc  gtiivity 

ita  bixly  iiicreasea  acd  the  volume  deoi-eoaes,  ao  that  it  teuda  to 

ik  farthot  I  wh«n  it  na&&  tbe  converse  holds  true, 

ThuH  jt  fiBih.  houk^  m  deep  water  and  ^ni:^  well  sit^irted  on  tbe 

joavtiey,  tiunt^   UTJ^iGtibly  to  ths  tiurfjLCS  and  rLrrivcta  with 

I    biii'Bt  01"  vjLsily  di>ii:eiidpj|   nnd   prcijet'ting  from  its 

I'll   is  Etppurvijtly  mudt'  unconifortablc  by  aLter&tiond 

%  Ibtt  «olunto  riF  iu  lilnddcT.  And  the  dUi^omfort  cauae^J  it  to  itsty  at 
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the  lower  strata  arc  lodcn,  and  the  propinqtiity  of  the  higher 
strata  to  apa.ce-  The  radiant  haat  oE  tlie  sud^  oq  the  other  hand, 
U  much  greater  at  high  altitudes  owiiig  to  the  diathermancy  oE 
air,  and  the  abeente  of  dust  and, water  partitilea  which  scatter  the 
raya  in  the  lower  strata.  The  velocity  of  the  wind  increases  in 
the  higher  regiooa  of  the  atmosphere  as  the  friction  against  earth 
and  the  denser  lower  strata  decreaaea,  while  the  slope  increaaea 
down  which  the  air  raised  by  the  tropical  heat  flows  towflitlg  the 
poles.  These  factors,  together  with  tlie  dryness  of  the  atmoaphere 
Bod  the  lessened  CO^  and  0^  tensio^i,  have  great  iuduenoe  on  the 
exiabonce  oE  liEc  in  high  altitudes.  The  freedom  of  the  air  from 
bacteria  is  complete — there  are  only  150  dust  particles  par  c.c. 
o£  air  on  Mont  Blane  against  150^000  in  cities  under  the  worst 
conditions.  *'T  had  forgotten  a  wallet  on  the  Matterhorn,"  said 
a  guide,  "  in  which  there  waa  some  brpa.{l  and  cheese,  and  last  year 
I  found  it  again  and.  ate  up  the  contenta,  which  were  not  at  all 
m.uBty.''  RopcB  and  ladders  loat  for  years  which  would  have 
rotted  in  the  vaUe>'S- 

Water  boils  on  Mont  Blanc  at  64"3"  C.  owing  to  the 
dim-inished  barometric  presaiire.  In  Pike's  Peak  Observatory 
(14J47  ft,)  a  pan  full  of  loose  snow  was  set  on  the  hot  stove 
to  melt,  and  in  a  very  short  time  the  water  io  the  bottom 
of  the  pan  began  to  boil,  while  the  soow  on  the  top  of  it 
was  yet  ^  to  4  inches  deep.  Fuel  burns  with  difficulty  owing 
to  the  diminiahed  pressure  of  i^xygen.  Thiia  the  oil  burnt  in 
an  aabestcs  wick  lamp  in  a  given  time  was  2-103  grm.  at 
760  mm.  Kg  and  I'^LID  j^rm,  at  3(>0  mm.  Hg,  The  electrical 
potential  in  the  region  of  lofty  peaks  ia  often  very  high)  and 
pioducea  striking  effects. 

The  air  is  ordinarily  charged  with  a  certain  amount  of  posi- 
tive electricity  while  the  earth  is  usual]}'  negative.  Increase  in 
electrical  potential  is  caused  by  the  niasdea  of  water  vapour 
which,  rising  from  the  sea  or  anow-fields,  become  condensed.  As 
the  tiny  droplets  unite  in  the  clouds  to  form  larger  drops,  the 
electrical  charges  which  always  exist  on  their  surfaces  become 
added  together.  Bince  the  aurfoce  of  the  drop  is  far  smaller  than 
the  surfacea  of  the  coinbinetl  droplets,  the  electrical  potential 
iocreoBcs  with  the  coadenaation.  Such  condensation  takes  place, 
particularly  when  warm  air  from  the  plaiiis  la  forced  up  mountain 
slopes.     Darwin,  speaking  of  an  experience  in   the  Andes,  says, 
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"My  flannel  waUt<?cat  when  rubbed  in  the  d&ttc  appe&rcd  as  if 
it  had  been  waslied  with  phosphorus  ;  every  liair  on  the  dog*s 
backE  crackled,  even  the  linen  nlieeta^  and  leathern  Rtraps  of  the 
saddle,  when  handft'd  emitted  sparks." 

An  observer  stationed  at  Pike's  Peak  Observatory  records  that 
the  thunderstorms  are  tremendous  i  on  ono  oceaajon  **  his  hair 
stood  erect,  crackled,  and  the  pricVing  aenaation  to  the  acalp  was 
extremely  painfuL  The  peculiar  electrical  odowr  was  strongly 
recognised.  To  protect  his  head,  he  put  on  his  black  felt  hat 
and  returned  to  the  roof.  But  a  fow  aeconda  elapsed  before  he 
was  fairly  lifted  ofT  his  feet  by  the  electrical  fluid  piercing  through 
the  top  of  his  hat,  giving  him  such  a  sudJen  and  fiery  thiiist  that 
he  nearly  fell  from  the  roof  in  bis  eacitement.  Instantly  3nat*;h- 
infi  the  hat  from  hJa  head,  he  observed  a  beam  of  light,  aa  thick 
as  a  li^ad  pGncL],  which  scorned  to  pass  through  the  hat,  projecting 
to  about  an  inch  on  either  side,  and  which  remained  visible  for 
several  seconds.  The  top  of  hia  hat  was  at  leaat  two  inches  from 
hiB  head  when  this  fiery  lance  pierced  him.  When  the  fluid  began 
to  thnist  itfl  fiery  tongues  into  other  parts  of  his  body,  be  woe 
spurred  to  a  hasty,  but  'brilliant'  retreat/'  ''The  cups  of  the 
anemometer,  which  were  revolving  rapidly,  appeared  as  one  solid 
ring  of  fire  from  which  issued  a  loud  rushing  and  hissing  sound. 
The  observer  on  placing  his  hands  over  the  cups  did  not  dis- 
cover the  slightest  sensation  of  heat,  but  hia  handa  became  in- 
stantly aflame.  On  raising  them  and  spreading  his  fincets,  each 
of  them  became  tipped  with  one  or  more  oones  of  light,  nearly 
three  Inches  in  length," 

The  highest  dwelling-place  continuously  occupied  is  the  Ob- 
servatory El  Misti  in  the  Andes,  at  T^SKt)  m.  The  Observatory 
of  Are']uipa  ie  at  tilOO  m.  Thok  djalung  is  a  village  in  the 
HliDalayas  at  4980  m.  In  Peru,  Bolivia,  and  northern  Chile  a 
very  large  part  of  the  j>opulalion  Uve  above  oOOO  m.  Patoai, 
which  haa  numbered  100,000  inhabitantSi  is  at  4165  m.,  Cerro  de 
Pasco  at  4350  m.,  the  mines  of  Villacota  at  dC«2,  the  raJway 
from  Oallao  to  Oroya  culminates  m  a  tunnel  at  47t)0  m-,  almost 
the  height  of  Mont  Blanc.  Such  worka  are  auflidenC  evidences  of 
the  energy  of  man  at  altitudes  of  13,000-10,000  ft.  An  annual  fair 
is  held  at  Gartok  at  W3H  m.  in  the  Himalayas,  to  which  thousands 
animally  come.  Jourdanetsaye  the  inhabitants  of  the  high  altitudes 
in  America  are  anemic  and  of  poor  physique  ;  Mosso  says  the  same 


214    EFFECT  ON  LIFE  OF  BAROMETRIC  PRESSURE 

of  tlic  aLepbcrtia  of  the  higb  Alpa.     Thia  is  probably  an  clTcct  of 
poor  food  rather  tban  icB^mied  barometric  prcasure. 
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No  cata,  it  is  aaid,  live  at  altitudes  above  3500  ni.  Ther 
sicken  in  tbe  villa^ics  oJ  the  Cordillera,  become  dejected,  have  coa- 
Tulflio&fl  of  an  epileptic  character,  and  finally  die.  On  the  other 
hftnd,  tbe  condors  fly  from  the  sea-level  to  tbs  tops  of  the  peaks 
of  the  Andes  in  a  few  minutes.  From  tbe  average  atretch  of 
wiriga  (S-14  ft.)  and  the  visual  angle  Humboldt  calculated  the 
altitude  of  tbeao  birds.  To  him,  stationed  at  an  altitude  of  some 
13,000  ft  on  Cotopaxi,  they  appeared  as  mere  black  specka. 
Now  Humboldt  found  he  could  detect  the  long  white  poocbo  of 
a  nder  ia  the  clear  air  of  tbe  OordiUcra  at  a  distance  of  aome 
80.000  ft.  Irradiation  would  lesson  the  mkc  of  the  image  of  the 
birds  in  the  aunlit  air.  Taking  this  into  account,  it  aeems  possible 
that  tlieae  birds  attain  to  a  height  of  half  this,  say  five 
milea! 
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Fhato  cultiTated  ou  mountaiaa  bocome  corUcdOiu  &nd  cpiiuxi* 
liko  duouL  plftnta  ;  there  is  an  hypertrophj  of  tbe  roote  and  an  fttpTpby 
of  the  parts  Abore  ground.  The  cetla  of  tbe  leftrea  tbickeiir  the  polis- 
Bftde  tuBue  hypertropbiea^  and  the  cblorophyll  becomes  very  abandAot. 
Those  chukges  resist  tbe  increased  evaporation  and  compensate  for  the 
diminished  tension  of  CO^ 

At  410  mm-  Hg  ordEnarj  plants  wither  up  however  wet  the 
earth  is  kept  At  51K)  mm,  Hg  germinating  cresa  seeds  grow  half 
as  quickly  as  at  760  mm.  Hg,  while  at  70  mm.  Hg  thej  i^ose  to 
gerniiiiate.  In  the  Alps  tbe  forests  end  at  1800  m. ;  in  the  Aode* 
the  vine  grows  even  at  3000  m. ;  in  the  Himalayas  the  apricot  at 
3000  m^  and  the  poplar  at  4000  m. 


MousTAix  Sickness 

The  traveliera  who  followe^l  the  conqnerors  of  Sooth  America 
£rBt  recorded  the  peculi&r  effects  of  high  altdtadea-  Neither  in 
the  history  of  Cortez,  the  conqueror  of  Mexico,  irtio  sent  an 
eicpedition  np  the  enter  of  Popocatepetl  (5420  m-),  nor  in  that 
of  Pizano,  who  with  62  horae  and  102  foot  aoldiers  penetrated 
the  Andes  to  the  heart  of  the  empire  of  the  Incas,  is  there 
any  definite  chronicle  of  this  sickness  among  the  general  record 
of  Bofiering  from  cold  and  hunger. 

A  Jesnitt  Acosta,  gave  in  1590  the  first  clear  description  of 
the  symptoms  of  moontain  sickness.  These  symptwns  are  short- 
ness of  breath,  palpitation  of  the  heart,  nansea,  loos  of  appetite, 
injection  of  and  bleeding  from  the  mucoos  membranes,  vert^o, 
famtaeas,  and  in  particular  the  difiBcnlty  of  making  any  rooscnlar 
exerta<m.  Uany  are  affected  at  20*!>0-3000  m.,  every  one  sailers 
at  4000  m,  from  shortness  of  breath  and  fatigoe,  while  more 
serions  symptoms  generally  ooimr  at  5000  m^  Training  uid 
acclimatisation  have  a  great  inQaence^  At  QmU>  and  TaUm 
girls  dance  half  the  night  and  toreadors  dUplay  their  skill  in  the 
bnll-nng,  while  de  Sausaure  and  his  i^jmpanions  were  so  over- 
come at  their  first  a*^ent  'A  Mont  Blanc  that  every  mov^raent 
became  a  di£Gcahy,    Sf>  is  it  with  new-o/*m*rs  at  P'ttosf. 

Conway,  when  ont  of  training  for  hiil-dimSini?.  "iiiffj^rerl  fr'*m 
shortness  of  breath  at  7000  ft.  In  the  Alfrt,  a  symfrf/^m  which 
he  had  not  experienced,  when  trained,  at  IO.O'Kj  ft.  in  the 
Karakorams.    Wh^   hoiL-iinfir  the   Matt^h^/m   hnt  at  iUi  nt 
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the  guides  h&d  to  take  bresth  every  time  a  few  blows  were 
struck.  At  GOOO  na.  in  the  Himalayaa  Zurbriggtn  Jouad  he  could 
not  atcike  more  than  live  blows  with  an  ice-axe  without  having 
to  pause  for  on©  minute  to  regain  hie  breath.  U,  Mosso  at  Turin 
could  execute  3"48  kg.  metres  of  work  with  the  ergograpli,  while 
2'82S  kg.  metres  produced  fatigue  in  tlie  Mi>nte  Rosa  hut  at 
4560  ID,  Wbymf>er  found  he  could  walk  a  level  mile  in  U' 4" 
at  London,  while  at  Quito  he  took  11'  5^"^  Mountain  BickucGs 
decroafice  ia  the  AJpa  every  year  f\£  the  traiiufig  of  the  AlpiniBta 
becOTUPB  more  ccmplete  and  aa  the  refnge-huts  increase  ia  number 
Rnd  toinfoit-  Training  gets  rid  of  smifrtluoua  fat  and  water,  iii- 
crea^efl  weight  of  muscle  and  muacular  power^  develops  the  economy 
of  the  nerve-muscular  mechanism,  the  breathing  and  tho  hearths 
action.  Nctt-  movement  complexce  are  estabhahed,  fewer  musclea 
are  used,  and  the  needless  tension  of  antagoniata  corrected.  The 
greater  coucentration  of  the  tissue  fluids  produced  by  training  must 
favour  osmotic  change  and  cell  activity,  and  lightens  the  load 
which  is  hited.  Manca  after  seventy  days*  training  could  with 
dumb-behfl  do  five  times  the  work  of  tbo  first  day.  The  output 
of  CO,  was  fit  first  increased  fourfold  by  the  ascent  of  Berne 
Cathedral  tower,  but  after  traiinng  only  threefold  (Kronecker  and 
Grube),  The  body  temperature  may  rise  from  ^7  to  39  tt'  [lOli"  F,) 
in  the  untrained,  while  an  Alpine  soldier  of  splendid  physique 
earried  a  pack  of  40  kg.  up  the  glacier  of  the  Cnifetti  peak  with 
a  rise  of  temperature  not  greater  than  a  few  points  of  a  degree 
(Mosso).  Owing  to  the  diathermancy  of  the  aJr  the  sun's  raya 
have  a  moat  powerful  effect,  and  Conway  recommends  that  peaks 
should  be  attacked  from  a  north-south  valley  to  win  shade,  .and 
in  bad  weather  and  by  night  as  much  as  poBHihIe.  Wiady  ridj^es 
rather  than  gulHes  Ghould  be  cboGen.  The  adaptation  of  the 
nervous  system  to  danger  is  most  important.  Feelings  of  insecurity 
and  anxiety  which  arise  in  anow-alorms*  fog,  and  darkness  rapidly 
exhaust  the  Alpinist.  Bert  bce£.me  di^^y  at  420  mm.  Hg  in 
his  pneumatic  chamber,  while  Mosso  by  practice  and  aided  by 
oxygen  inhalations  had  the  resolution  to  expose  himijelf  to 
192  mm.  Hg  when  liis  hand  covered  the  height  of  the  barometric 
column.  A  debauch  makes  a  great  difference  in  the  capacity 
of  a  man  to  cbmb.  At  4560  m.  a  soldier,  under  Mosso'e  observa- 
tion, Ufted  5  kg,  dumb-bells  at  4"  intervals  104  times.  Hie  puke 
rose   from   80  to  100,  his  respiration  from  20  to  28.     After  a 
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drinking  deb&uoh  Lc  executed  orJy  G7  HftAr  aitd  his  pulse  rose 
from  56  to  110,  Kis  respiration  from  18  to  32, 

Trt  allow  the  influence  of  fatigue  on  the  induction  of  mountain 
Rickness,  P.  Regnard  placed  two  guinea-pigs  under  the  bell  of 
the  air-pump,  one  ot  rest  and  the  other  in  a  trcod-whcel  which 
was  rotated  by  an  electric  motor.  This  guinea-pig  waa  com- 
pelled to  tun  up  the  wheel,  and  became  affected  at  300Q  m. 
and  tumble*]  on  its  back  at  4000  m.,  while,  the  resting  animal 
was  not  afiected  uutil  the  barometiic  prcaaure  corresponded 
to  HOOO  m. 

To  explain  the  effect  of  muacuUr  wort,  we  must  turn  to  the 
study  cf  the  respiratory  exchange.  Zunti  and  Schumberg  have 
oompored  the  conauniptioii  of  oxygen  m  walking  on  the  flat 
and  in  chmbiog-  The  subject  carried  a  gaa-nn^tcr  on  his  back 
connected  with  a  mouthpiece  which  was  provided  with  inspira- 
tory and  expiratory  valvi^a.  A  sample  of  the  expired  air  was 
collected  hy  the  rotation  of  the  meter  hy  a  special  device,  while 
the  total  amount  was  meaaored  by  the  meter.  The  percentage 
composition  of  the  inspired  air  waa  ijslculated  from  readings  of 
barometer,  temperftturci  and  humidity^  Analysis  of  the  ospired 
air  and  the  readings  of  the  meter  together  gave  the  CO^  output 
and  the  0„  intake,  and  the  reapiratoiy  quotient  waa  calculated  from 
these.  The  estimation  of  the  urinary  nitroj»en  escretloo  gave  the 
protcid  mctabohaed,  and  the  respitatoiy  quotient  indicated  the 
share  which  fat  or  carbohydrate  respectively  took  in  the  meta- 
bolism^ The  nitrogen-holding  nuclciia  of  the  muscio  substance 
is  not  used  except  under  conditLoas  of  insufficient  food  or  over- 
strain. Zuntz  crtlfulatpH  that  1  litre  O^  jb  need  iti  the  combustion 
of  1  grm.  proteid  and  yielda  4'47B  Cal, ;  of  fat.  4'686  Cal. ;  of  starch, 
5'Oil  Cah  After  a  meal  carbohydrate  h  burnt,  and  the  Caloric 
worth  is  found  by  multiplying  the  litres  of  0^  consumed  by  5, 
Before  breakfast  or  fasting  body  fat  is  used,  and  the  Caloric  worth 
is  obtained  by  multiplying  by  4'6- 

For  walking  on  level  ground  the  average  consumption  of  0, 
per  kg.  body  weight  per  km.  of  march  averages  100-110  c.Ch  0^. 
On  increasing  the  pace  from  ^S  to  140  m.  per  min.  the  Oy  nse  was 
double*l.  Climbing  up  100  nj.  in  a  walk  covering  1  km.  likewiee 
doubled  the  0^  use.  Difficulties  in  the  way,  steep  ground,  un- 
practised movements,  greatly  increase  the  0^  consumption,  A 
sore  foot  increased  it  by  18  per  cent.     Fatigue  likewiee  increased 
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the  consumption,  but  onl^  for  the  particular  combinfition  of 
inuBcka  uaed  in  wulldiig — hence  the  advantage  of  change  of 
work.  The  volume  of  &ir  breathed  increaaea  from  S  1.  per  nun- 
rt'sting,  to  Iti  \.  walking  on  the  flat,  and  to  2t>  1.  climbing.  In 
steep  climbing  the  volume  may  even  be  fivefold  that  resting. 
Fatigue  from  over-walking  remlere  tbe  respiration  shallow  and  the 
pulae  irequeat-  Over-atreun  causes  a  marked  rUe  of  hodj* 
ten^peraturc,  increased  N^  output,  dilatation  of  the  hefiitf  sinHng 
of  the  vascular  lone.  The  Iddneya  secrete  a  dilute  urine,  and 
albumin  oay  appear  owing  to  congestion  of  tha  blood -vesaela. 
Foiaoiious  products  of  metabolism  arc  produced  in  fatigued 
muBclea,  and  extracts  of  these  appear  to  be  extremely  toxic  to 
normal  auimaU.  Immunity  can  b&  estabhahod  by  giving  small 
doses  of  these  extracts^  and  it  has  been  suggested  that  training 
partly  coriHists  in  the  inimuniaation  of  the  body  against  fatigue 
products. 

Zuntz  and  Schumberg  observed  soldiers  marchings  and  found 
they  could  carry  a  load  of  2'2  kg.,  and  march  15-20  km. 
without  noticeable  rise  o*  body  temperature.  After  a  birthday 
drinking  bout^  however,  the  body  temperature  roae  to  it9-Ii^  and 
40'5  during  the  march.  A  load  of  '22  kg.  has  a  dgnificant  effect 
on  the  untrained,  while  the  trained  soldier  is  hard  put  to  it 
under  a  load  of  LU^J  kg.  About  '20  kg,  is  the  Umlt  of  load  which 
ghouM  be  put  upon  the  soldier,  and  this  should  be  distributed  bo 
OA  not  to  disturb  the  equilibrium  of  the  body.  Tbe  vital  capacity 
is  lessened  by  the  load  hampering  the  movements  of  reepiratjou, 
and  the  systole  of  the  heart  ia  prolonged  even  to  30  per  cent,  by 
a  load  of  18  kg- 

Wben  the  breathing  becomes  aa  frequent  as  35  per  min.  or 
more  and  efiailow  from  fatiguL>,  the  phenomena  of  caidiac  dilata- 
tion and  venoua  congestion,  such  as  increased  cardiac  dulness  and 
enlargement  of  tbe  liver,  became  marked.  The  fre<]ucncy  of 
respiration  should  not  increase  more  than  75  per  cent,  during  the 
march,  and  should  not  be  more  than  30  per  cent,  above  normal 
after  a  lo  min.  reat.  This  is  an  easy  teat  for  a  man  to  apply 
to  himaelf. 

Over-work  leads  to  destruction  of  muscle  substance  and  long 
laating  diminution  of  functional  power.  Fatigue  leads  to  a  losa 
economical  use  of  the  muscles,  and  increases  the  Calories  expended 
in  work  by  5-9  per  cent. 


p 
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In  dimbing  mach  energy  is  spent  in  maintaimng  the  interna 
as  well  as  tlie  external  work  of  the  hoUy,  as  the  heart  and  respira- 
tion are  both   greatly   enforced   and   accelerated-     Owing  to  tliia 
more  txteniai  work  can  be  done  in  a  day  on  level  ground  than  on 
the  mountains.     On  the  other  hard,  juJicioue  training  in  climbing 
does  much  to  strengthen  the  heart  and  respiratory   mechanism 
The  working  capacity  of  some  mcimitaineers  who  act  a*  carriers  ta 
the  Alpine  huta  b  most  afltoriiahlng. 

Hucppe  records  a  man  who  canied  110  kg.  up  1500  m.  in 
six  houra  1     He  calculated  his  woik  at  1^90,400  kgm.  in  4^  hours 
Hueppe  gives  the  following  calculations   to  show  the  economy  o: 
the  energy  ^  spent  in  climbing  by  the  trained  and  untraioed  man 
reapectively ; — 

Boarey  Bpcni   1  Knenj  Sjwiit 
in  Clltnliliii^    '    In  Uut  Frii' 
{KxUmnl         dadUna  frhtJn 
Wdrk>               CllmblD;^. 

lvr»en£nor 
la  Wwrii. 

Town    dwfUer, 

Town    'IwtfUer, } 
ptirttj  Irnintd  f 

Alpine  carrier    . 

IfjOO 

449 

(V  huniv'  tUail>) 
8S4 

Calitrla. 
1000 

Odd 

SO 
3D 

To  study  the  effect  of  altitude  apart  from  that  of  fatigue,  we 
must   consider  thoao    who   aacend    by   rail    as   to   Potosi,    or   by 
balloon,  or  the  obaervatlona  of  those  scientists  like  Mosso  and 
ZtintE  who  have  spent  many  days  in  tho  Alpine  huts,  and  made 
therein  exact  observations. 

Balloon  Sickness 

The  aymptoms  which  have  been  observed   in    high   balloon 
ascenta  are  a  gradual  decrease  of  mental  energy,  vertigo,  loaa  oj 
muscular  poi\er,  and  finally  awooniog.    In  the  celebrated  ascent  oi 
Glaisber  and  Coswell  Co    29,000  ft-  (barometer  9J   inches),  tho 
former  found  he  could  no  longer  see   to  read   his  instruments,  his 
aoDfl  became  helpless,  and  his  head   fell   on   to   his   shouldera. 

'  The  ojiewj  r?quircd  to  mise  1  L  dE  vater  1'  0.  =  L  C>lori«,  and  equala  bha 
vork  doDs  in  lif  blng  1  k^,  425  m,  bigh. 
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Everything  became  dark  before  him,  and  he  loat  consciousneas  for 
a  miTiiite  or  two,  tiJl  Broused  hy  C'oKwelU  In  tho  fatfll  ascent  o£ 
the  ''Zenith"  to  8600  m.  Croce  Spiaelli  and  Slvel  ilied,  while 
Tissandier  became  unconacioua* 

''  At  7e?00  m.,"  Tissandier  wrote,  "  tho  mimhtieaa  which  eomea 
o^'er  one  is  extraordinary.  Body  and  mind  grow  gradually, 
imperceptibly  weaker  without  nm  becoming  aware  of  the  charge." 
"  Frcaently  I  wiahed  to  take  hold  of  the  oxygen  tube,  but  found  that 
I  could  not  raiai:  my  anu.  My  mind  was,  however,  still  quite  lucid. 
1  kept  my  eyes  iixed  on  the  barometer.  I  tried  to  call  out  '  Wo 
fire  8000  m.  high,*  but  my  tongue  was  aa  though  paralysed. 
Suddenly  my  eyes  cAoaed  and  1  fell  down  like  a  log,  completely 
lotung  cDnacioubnesfl.  It  was  about  1.30  p.m.  At  3,30  p.m.  I 
reopeued  my  eyea.  feeling  dascd  and  exhausted,  but  gradually  niy 
toind  grew  clear.  The  balloon  waa  deauending  with  frightful 
rapidity.  My  two  oompaniona  were  cowering  down  in  the  car, 
their  heads  hidden  under  their  travelling  rugs.  I  gathered  all  my 
strength  together  and  tried  to  raise  them.  SivePa  face  was 
cyanoaed,  hia  eyea  dull,  hia  mouth  open  and  tilled  with  blood. 
Crock's  eyes  were  half  closed  and  his  mouth  covered  with 
blood.  -  ,  ." 

ZnntB  and  v.  Sclirfltter  hiive  twice  asfended  to  about  'fOOO  m. 
In  their  first  Gnacent  v.  3cliiotler  sufTcred  from  headache  and  a 
peculiar  vertigo,  and  found  it  difficult  to  read  the  expenmental 
obHcrvationfl,  A  few  rcapirationa  of  oxygen  reatnred  him. 
Aeronauts  do  not,  as  a  rule,  suffer  much  before  an  altitude  of 
6000-TOOO  m.  is  reached,  because  they  are  not  called  upon  to 
execute  strenuous  muscular  work  in  the  car. 

It  is  probable  that  aeronauts  have  often  suffered  from  CO 
poisoning  due  to  the  coal-gas  used  to  inflate  the  balloon.  The 
dissociation  curves  of  CO  and  OHb  show  that  as  little  as  O'Ol 
per  cent.  CO  (mpftsurpd  at  0"  C.  and  7fiO  mni.'^J  in  the  air  would 
atfeet  a  shallow  breather  whose  alveolar  Og  tension  may  sink  to 
40  mm.  at  4000  m.,  while  a  deep  breather  would  be  affected  by 
this  amount  at  tJOOO  m.  An  equal  weiglit  of  coal  goa  escaping 
in  a  dwelling  in  a  to^^n  on  the  Andea  must  be  more  dangeioua 
than  on  the  plains, 

'  since  thff  CO  lensioo  ^pa  down  db  well  nc  the  0~  EeniiDti,  a  girtu  pcr- 
cert1[^9  of  CO,  moBsnrDd  at  taj  400  mm.,  would  be  aa  nLorG  poi&onoufi  ihna 
tbo  «imo  poro^ntagi^  Tneafiurud  ot  7C0  mm.     {Kaldanc.) 
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The  Results  obtained  by  the  Ubk  op  Pneitaiatio  CaAMBEiva 


Boyle  obaort^ed  a  bubble  of  gas  In  the  aqueous  humour  of  ft 
vipflr  prodiiced  hy  the  rapid  evfituation  of  Ms  air-purnp.  Such 
an  evtilution  can  never  take  place  in  the  cDmpa^ative]7^!ow  asceut 
of  the  balloonist.  Laghi  {1757)  placed  a  bird,  a  cat,  and  a  candle 
under  a  bell-glasB — theanimaU  lived  long  after  the  candio  Bickered 
out,  Cigna  (1760)  put  a  sparrow  nndei  the  bell  of  an  air  pump 
and  lowered  the  pressure  to  about  22i)  mm.  Hg  (8840  m.).  He 
renewed  the  air  Dccafliimally.  The  bird  was  none  the  worse  after 
OT.  When  an  animal  is  killed  under  the  air-pump  it  givea  some 
signe  of  roatlossncaa,  then  falls  over  and  diefl  with  a  few  convulaivs 
tnovementa.  Death  takes  place  inevitably,  when  the  osygen  la 
lowered  to  3  per  cent,  of  an  atmosphere.  In  the  deoxjgenaled  air 
of  foul  wella  men  Auddeidy,  and  without  warning,  fail  unconscious* 

In  ft  pneumatic  chamber  enriched  with  oxj^en  Bert  exposed 
himself  to  240  mm.  Hg  (the  height  of  Mount  Everest),  Mosao 
exposed  himaelf  for  25'  to  340  mm^  Hg  (6400  m.)  and  felt  a  heavineaa 
of  the  head,  and  found  difficulty  in  counting  hia  pulae,  which  rose 
from  70  to  88.  Recovering  in  20'  from  these  aymptoma  he  expoaed 
himself  to  tJ'J2  mm.  Kg  (7167  m.),  and  again  became  heavy  and 
apathetic.  Oxygen  was  then  let  into  the  chamber,  and  hia  pulae 
rate  dropped  to  64,  hut  became  too  thready  to  feel  at  the  wrist. 
After  the  pressure  had  been  lowered  further  to  193  mm.  Hg,  he 
became  too  apathetic  to  pick  up  the  pencil  which  he  had  dropped. 
The  air  at  this  atage  enriched  by  ojcygea  yielded  fi-14  per 
cent-  atm.  0^. 

U.  Mos9o  lowered  himself  to  310  mm.  Hg.  His  mental  faculties 
became  blurred,  he  eiperienced  difficulty  in  reading  his  watch,  was 
twice  unable  to  couot  his  pulse,  his  handwriting  altered,  and  hia 
memory  weakened.    Hia  eyes  boeamc  dull  and  apathetic. 

At  330  Enm.  Hg  monkeys  observed  by  Mcsao  vomited  and 
became  apfltbetic  and  unsteady  on  their  legs.  Warm-blooded 
animals  are,  owin^  to  their  quick  metabolism,  far  more  sensitive 
than  cold,  and  a  low  temperature  and  rapid  decompression  favour 
the  onset  of  syjuptoms  (Bert).  Lack  of  Oo  oiJy  produces  dyspncca 
if  sudden  and  intense.  Loewy  found  hia  breathing  volume  por  mim 
to  ha  4-027  1.  at  750  ram. ;  4-497  1.  lit  435  mm, ;  and  5'556  1,  at  360 
mm.,  a  triHing  increase  compared  to  that  produced  by  CO,  retention. 
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The  Cause  of  the  Symptoms  of  Mountain  Sickness,  Ao. 

Analysiug  tlie  Llood-gafles,  Bert  found  the  amount  of  oxygen 
in  the  blood  diminisiied  by  i  when  the  barometric  pressure  was 
lowered  to  J.    He  rightlj  attributed  all  the  symptoms  to  want  of 


O  ttrulon 
Ih  aui.  Ill 


Wtt-  ^B     T-JT 


fiAluraUaaoI  lib 


fCCZ 


Fin.  e.— ConipfirUoo  of  Pinsoftiation  CurvDH  of  OHb,  •  Loa*f  (mnn) ;  O  Paul 
Bert ;  4>  Htiteer  (nev) ;  li  Jiiifn^r  (old)-  ^  Lonnj  aod  ZnnU  Idog);  ^  Locwj 
(Og  uL  af  vsnoiiftbloodDr la^n} ;  -i-  StrHuburg'WolSberf  (vanoat  blood  of  doge)^ 


oxygen.  Hi^  anfllysea  were  supported  by  others  of  Fraenkel 
and  Geppert.  The  arceptance  of  tins  eiraplc  and  satififying  ex- 
planation was  rendered  difficult  by  the  pubhcaticn  of  HUtncr'a 
diafiociatJon  eitrvo  of  oHygen,  a  curve  which  Htlfner  worked  out 
from  BolutionB  of  purified  Iiiemoglobin  crygtals.  Hufner  found 
the  Hh  solution  was  more  than  92  per  cent,  sat-  when  the  0^ 
tension  eijualled  only  4  per  cent,  atm.,  and  to  explain  the  de-ath 
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of  animAla  submitted  to  this  presBure  be  supposed  tbat  a  marked 
difference  in  tension  between  the  blood  and  the  alveolar  air  is 
necessary  to  drive  the  blood  tbrough  the  alveoUr  wall.  Hufner^s 
curve  has  been  rec^ved  for  many  years  into  the  teit-booka.  Loewy 
and  ZuntE  have  shown  that  Hufner^H  methods  of  preparation 
are  at  fault,  and  that  the  dissociation  curve  of  fresh  living  blood 
is  quite  different  from  that  of  prepared  hemoglobin  or  laked  blood> 
and,  in  fact,  closely  agrees  with  that  worked  out  by  Bert. 

Comparing  the  aatmation  of  laked  and  normal  blood,  Duiig 
and  Zuntt  obtained  the  folbwing  %ured : — 


Os  Tonsiou. 

24^07  mm. 


23'10  mm. 


Sat.  of  NonnoJ  Blood 
58-74% 

SaL  of  Laked  Blood. 
78-84% 


which  show  the  great  effect  produced  by  the  mere,  solution  of  the 
hsmoglobin.  The  use  of  alcohol  in  preparing  crystallised  Hb 
still  further  changes  the  ^Association  curve. 

In  the  blood-corpuacles,  the  haemoglobin  is  held  in  a  Buapended 
condition,  and  the  other  constituents  of  the  corpuscles  modify  the 
dissociation  of  oxygen- 

The  following  figures  have  been  worked  out  by  A.  Loewy  from 
human  blood  drawn  from  the  median  vein.  He  shook  the  blood 
at  body  temperature  in  a  pear-ahaped  vessel  with  atmospheres  of 
known  composition,  by  a  shaker  which  instantly  threw  the  blood 
into  foam. 


Sal.  of  Blood  with  0, 

0,  TeiuloD. 

comuFbd  with  Snt  on 
ShMklng  wlUi  Air. 

2  per  ixni.  Htm. 

43'IG 

3             .1 

65  73 

^ 

66'' 5 

9 

71-2 

fl 

759 

7 

fiO'73 

The  Hb  ia  70  per  cent,  saturated  with  0^  at  J  atm.  press., 
and  60  per  cent,  saturated  at  J  atm.  It  ia  owing  to  this 
alow  increase  in  disaociation  that  we  are  able  to  endure  high 
altitudes. 
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^^r             Hllfner  has  given  us  the  formola  ^=  Vti.  -^  ^^^  reckoning  the 

1              Oj  aaturation,  where  a;=thc  percentage  in  reduced  htemoglobin, 
I              p^t^e  partial    pressure   of  oxygen  in  mm,   Hg^   and    jt    is    b 
1              winstant.    From  their  resiilta  Loowy  and  Zuntz  reckon  the  value 
^^         of  k  to  be  OO-l. 
^^fe             Uaing  thiA  formula  and  conatant,  they  calculate  that  normal  blood 
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with  ordinary  air  at  body  temperature  ia  only 
:urated  with  oxygen.     We  miwt  remember  th 
;ric  pressure  ia  due  to  vapour  fcenaioa,  and  t 
of  oxygen  in  the  lunga  where  tlie  atr  m  aatura 
further,  we  must  remember  that  the  percenta 
keolar  air  ia  not  that  of  the  air  but  only  13 
these   two  factors   into   account,   it    cornea 

abnnt  ftfl  per  ^^W 
at  part  of  tho  H 
lia  leaaena  the  H 
cd  with  moifi-  H 
^e  o£  ox3'gen  H 
-14  per  cent.  H 
out   that   tlid^^l 
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partial  preaaure  of  oxygen  in  the  alveolar  air  is  96-2  ram,  Hg  if 
tlie  barometric  prpsHiirp  be  trtkpji  at  TfiO  and  the  water  vaptrnr 
tension  at  47.  UnJer  this  partial  pressure  of  oxygen  the  blood 
is  only  70'44  per  cent  HatuTflted.  In  oihfr  wordtf,  under  ordhiory 
cotuiituyTis  the  blood  w  only  J  saturnied  with  oxrfqcn.  The  tenaion  of 
oxygen  in.  the  venous  blood  =  23  ram,  (Stracaburg  aad  Wolfiberg). 
The  mean  driving  force  therefore  for  carrying  the  ojtygen  through 

the  alveolar  wall    is     -     ~'    =35'5   inin.     Zimtz   and  Durig  have 

moasured  the  rate  of  di&ision.  of  CO^,  using  frog's  lungs  and  dis- 
tending them  witli  a  known  volume  of  this  gas.  They  find  that 
COo  diifasen  tbric'e  as  fast  tlirougb  tlie  lung  as  through  a  layer  of 
water  of  equal  tliiuknesfi,  aod  this  {&  ho  whether  tha  lung  la  fresh 
or  killed  with  alcohol  i 

Now,  the  diffnaion  of  a  gaa  through  water  is  directly  propor- 
tional to  the  absorption  coefE-cient  of  that  aaa  in  water  and  to 
a  C€iiistH.nt  which  is  approximately  inversely  proportionftl  to 
the  square  root  of  \ia  specific  weight.  Thus  from  the  diffusion 
velocity  of  Wj  (found  by  experiment)  that  of  oxygen  can  be 
calculated.  Making  this  calculation,  Zuntz  and  Durig  conclude 
that  a  difference  of  ovygen  tension  of  only  11  mm.  would  drive 
Bufficieiit  oxygen  through  our  lungs  to  satisfy  our  needs  even  in 
times  of  moat  strenuous  exertion  euch  aa  climbing,  while  1  mm. 
is  enoueh  during  reat.  The  diffualon  path  might  bo  many  (25) 
times  longer  than  normal,  as  in  cedema  of  the  lung,  and  yet 
enough  0^  pass  through. 

At  an  altitude  of  4560  m.  the  alveolar  oxygen  tension  of 
Durig  fell  on  one  occasion  aa  low  aa  48-3  mmn  Hg»  and  this  makes 
the  saturatJon  of  his  blood  12  or  1^  per  cent,  leas  than  on  the 
plains.  The  difference  between  the  oxygen  tension  in  the  alveolar 
fflT  and  the  venous  blood  waa  under  tbii^ie  conditions  still  amply 
BufTicient  to  maintain  an  adequate  dlfTusion,  and  not  this  but  the 
absorptive  power  of  the  blood  fell  short  of  the  needs  of  Durig*  who 
suffered  from  migraine  and  palpitation. 

The  alveolar  0.,  tension  can  sink  from  113  to  30  mm-  without 
causing  an  absolute  insufiici eney,  bnt  the  brain  suffers  before  the 
other  organs  and  at  a  higher  tension  of  0^. 


Hftldana   and  Lorruin   timith    coodude   from    the  study  of  tbe 
relative  af&nity  (cr  CO  and  0^  of  hhed  blood  and  blood  in  i^t-pore 
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viiHf  tKftt  bbe  pulmonary  epitLeliuu  haa  tbe  pc^ver  of  forcing  On  into 
the  blood  a.t  u,  bibber  tendon  IhiLii  ppi-taiiiR  in  tbe  aJveolnr  air.  Tbijt 
power,  ihcy  sa.y,  i;oiiLmiiH'i  Lu  ant  when  tlit?  ImrunivliLE^  prt^s^ura  is 
lowered,  iknd  ^trivoa  to  mn-ilLtain  t^ixfiion  of  oxygEin  fit  the  bigh  Ifivel 
requisitii  fnr  autive  life.  It  is  weaJcenBd  by  fall  of  hoily  tenipenttiiitj, 
acute  infQction^,  pnfli]moni&,  Lc-  They  5ny  thiib  animals — whodo  blood 
it  j  fiftt,  with  CO — suffer  at  the  same  barometric  preasiire  as  normal 
miiDEJa.  Some  of  the^te  re^ult^  npppar  contc^ry  to  the  dediictionfl 
nf  ZimtR,  TjOswv,  Ao.,  whioh  ure  given  in  tha  text.  It  rannuu*  to 
be  ^^een  wliebbet-  theix  couulusions  will  liold> 


The  Effect  of  Increased  Pulmomary  Vestilatiox 

The  alveolar  air  is  made  tip  of  the  residual  and  reserve  air, 
which  together  equal  about  SJI. ;  the  tidal  air  is  3[>0'*iOO  c-O- 
Thus,  about  one'eighth  of  the  alveolar  air  ia  changed  at  each  respira- 
tion. The  mean  percentage  of  oxygen  in  the  expired  air  is  IG'5. 
Men  vary  in  regard  to  frequRncy  cif  respiration  from  5-10  to 
18-1^5  per  min,;  in  volume  of  tidal  air  from  1300-900  ex.;  in 
volume  of  air  breathed  per  minn  from  3"5-8  L 

The  inspired  air,  which  occupies  the  larger  mr-tubes,  ia  expelled 
by  the  next  expiration  unchanged  in  romposition.  Tbia  "dead 
iipace''  equals  about  140  c.c.  In  auperlicial  breathers,  this  may 
eqnal  one-hali  the  expired  air:  the  deeper  the  hreathing  the  more 
oloacly  docs  the  alveolar  air  approximate  to  the  composition  of  the 
expired  air. 

The  compoaition  of  the  alveolar  air  can  be  reckoned  thus : — 

In  a  given  ciaae  the  tiilal  air  waa  2ri0  c.c-  and  the  frequency 
20.  The  expired  air  contained  3o  per  cenbn  00^  and  1(>  per  oent. 
O^.  Of  this,  the  140  c,c.  "  dead  space  *'  air  contained  practically 
no  CO,, 

Thna  the  110  c,c.  alveolar  air  contained  S7vt  c.c.  CO^  [3  5 
per  cent.  CO^x  2o0  c,c-),  that  is,  7'9  per  cent.  CO,. 

The  140  c.c.  "  dead  epace  ''  air  contained  21  per  cent.  O5,  that 
is,  L!!*'4  c.c.  O.,  (21  per  cent,  x  HO  c.c.).  The  2:»0  c.c.  expired 
air  contained  Mi  per  cent.  0^=40  c.c.  0^,  (10  per  i«nt.x  :fr'0). 
Thus  the  no  cj!,  alveolar  air  contained  lOti  c.c,  Oj  (40  — 2*J'4), 
that  is>  S'B  p^r  cent.  On  making  the  frequency  10  and  the  tidal 
air  500  c.c.  the  CO5  tension  in  the  alveolar  became  4-0  per  cent. 
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in  place  of  79,  and  the  oxygen  tension  140  per  cent,  in  place 
of  9-6. 

Loewy  found  on  lowering  the  Oj  t«neion  in  the  re8pii«d  fur 
from  121  per  cent,  to  781  per  cent,  the  alveolar  Oi  tension 
remained  the  same,  as  the  breathing  volume  per  min.  increased 
from  55  1.  to  11-4  h    Theee  consideratioiis  show  how  a  man  by 


^     ( 

^-E.- 

- 

J 

] 

FiQ.  10.— Haldatifl's  method  of  estJmatipptbiJ  Alveolar  Tension  of  OiaudCOj. 
The  Bnbjct  breathes  into  the  $pironieter,  and  at  the  end  0/  eipiration  cloaeB  the 
moathpiece  with  hia  tongue.  A  sample  of  the  air  In  the  tabe  Is  drawn  into  A, 
the  mea^uritig  tnbe  of  Haldace's  air  onalyais  apparatus.  ThJA  sample  \&  alveolar 
air,  and  it«  analysia  jielda  the  tenuon  of  Oa  and  COz> 


deep  breathing  can  maintain  hia  alveolar  ojtygen  tension  in  high 
altitudes. 

Loewy  notes  that  a  superficial  breather — normally  breathing 
270  c.c.  twenty  times  a  minute— became  affected  at  500  mm.  Hg 
=  3300  ra.  Loewy  himself  breathing  440  c.c,  fourteen  times  a 
minute  became  af!ccted  at  360  mm.  =  GOOO  m.,  while  Zuntz, 
hreatlung  700  c,c,  eight  times  a  minute,  was  not  affected  at 
330  mm.  ^  6500  m. 
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The  efGcienc-.y  of  breathing  depends  not  only  on  the  mtaJ 
capacity,  but  on  the  power  of  the  respiratory  muades  and  the 
nervous  power  of  the  rcspiiatoty  centre  to  mamtftin  an  ampler 
rata  and  depth  of  bre^thmg,  and  on  the  power  of  tho  heart  to 
dfculat-e  the  blood  rapidly.  50  per  cent,  of  the  0^  in  the 
arterial  bloo<i  is  normally  used  np  by  the  tissues ;  in  hard  work 
the  citculatiou  may  be  ao  increaaed  in  vi^locity  that  the  Joaa  of 
0,  by  the  arterial  blood  is  no  greater  or  even  leas. 

Lewinateln  and  v.  Sebr^ttcr  found  that  shallow- breathing 
ftnimab — rabbits,  gmnea-pigs — cannot  live  for  mor^  than  three 
days  at  350  mm.  Hg  =  GOOO  m.  After  death  their  reiutl 
tubules,  liver  rells,  muscle-fibres  of  diaphragm^  heartland  arteries 
ahow  fatty  deeeneration. 

Living  in  the  Monte  Roan  hut  (430U  m,)  for  three  weeks,  Durig 
and  ZuntK  found  that  their  iucrcastd  breathing  abuost  compensated 
for  the  diminished  barometric  pressure.  The  compenaatitm  was 
net  complete  on  the  first  day — thus  Zuiitz  increased  his  alveolar 
oxygen  tension  from  53'5-5tj  mm.  Hg  on  the  first  day  to 
57-53-7  at  the  end  of  th^ir  viaitf  and  Durig  incroaacd  his  from 
4fi-S-53'6  to  53^^-55-5.  At  the  same  time  the  air-himger,  felt  on 
effort,  passed  away. 

By  an  0^  tension  of  480  mm.  Hg  the  aatu  ration  of  Darig'a  bload 
would  have  been  only  S5'9 ' — he  suffered  at  this  time  from  severe 
migraine,  palpitation  of  the  heart,  and  giddineaa.  Loewy  found 
that  he  c^ould  endure  a  greater  depression  in  the  pneumatic 
chamber  if  he  did  mfwierate  work,  for  the  exerrise  increaj^ed  hia 
depth  of  breathing  and  raised  the  alveolar  oxygen  tension. 

The  mountain 'cJimber  necda  a  powerful  heart  to  rapidly 
circulate  blood  through  his  lunga,  and  must  be  a  deep  breather. 
DJfEerencea  in  these  respects  expUin  the  differeneea  o£  altitude 
at  whii^h  men  are  a1Te(;ted-  Loewy  finds  that  the  dissociation 
tension  of  OHb  varies  in  different  men.  This  ia  another  factor 
of  importance-  By  respiring  oxygen  the  balloonijit  and  moun- 
tain ehmber  may  withstand  the  influence  of  great  altitudes.  A 
suitable  portable  apparatus  has  been  c^octrived.  It  consists  of  a 
amall  oxygen  cylinder,  iitaak*  breathing  bag  containing  soda  lime, 
^.,  all  supported  hy  straps  passing  over  the  shoutdera. 


'  MgBJiu  fuuad  tha-i  the  giuoa  uf  tb«  bloud,  dctenaintMi  by  tfao  Haldaiie- 
Barcruft  mclboclt  are  ttaly  slightly  Ic&aQUbd.  Fuiiber  vofk  Ia  leqniied  on  tbJt 
pcdDL 
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The  Metabousm  in  High  Altitudes 

The  obaervations  of  Loewy  and  Zimtz  show  that  dwelling  at 
lofty  altitudes  greatly  Btimulatea  the  metaboliam— at  any  rate  of 
untrained  town- dwellers-  In  Alpine  soldieifi  inured  to  mountain 
life  U.  Moaso  failed  to  find  any  increased  CO^  output.  The  in- 
creased metabolism  is  due  neither  to  insolation  nor  to  the  cold 
and  light  of  the  snow-fields,  for  it  persista  while  the  subject  resta 
within  the  Alpine  hut- 

The  following  figures  give  the  respiratory  exchange  of  Zuntzat 
Berlin  and  on  Monte  Rosa-    His  weiglit  was  67'6  kg. : — 


Volnme- 
1 

BrealhlDg 

red,  to  O'C. 
mud  TOO. 

per  Uln, 

232-8 
259-2 
1329 

CO, 

Oqrput 

pvrHlii. 

B.Q. 

A1t»I« 
TmilaiL 

0., 

CO,, 

f 
Berlin,  resting  \       ,  --_ 

and  fasting  i;    * '^^ 
Monte    Kosa,  'i 

resting  and  j-      7-613 

fasting        ,  } 
Climbing         1 

glacier       ,  j 

4-279 
4290 
2:1-12 

182-7 

1927 

1017-0 

0-786    1037 
1 

0738      57U 
0-7G7       G4 

36-8 
21-40 

Ifi 
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The  respiratory  exchange  while  resting  worked  out  on  the 
average  15  per  ccnt>  more  on  Monte  Rosa  than  at  Berlin^  This 
increase  began  on  the  second  day^  and  lasted  during  the  three 
weeks*  stay  in  the  hut.  In  Zuntz's  expedition  of  1901  the  stay 
was  only  one  week,  and  the  increase  then  was  no  less  than  35-50 
per  cent.  Not  only  the  resting  metaboliani,  but  that  on  walking 
was  markedly  increased.  A  slow  walk  on  Monte  Rosa  exceeded 
the  oxygen  used  in  Vienna  during  a  fast  walk  (under  the  same 
conditions  of  snow,  level,  &c.)  by  one-quarter.  Part  of  this 
increased  metabolism  must  be  attributed  to  the  increased 
internal  work  of  the  body,  the  heart  and  respiration  to- 
gether striving  to  maintain  an  adequate  oxygen  tension  in  the 
blood.     The  greater  rapidity  of  the   circulation   may  increase  the 


'  This  probably  eiiplnins  why  incre:»RC£l  metabolism  Ims  not  been  observei3  in 
the  pneumatic  chamber  experiments  or  balloon  expeditions  nhicb  onl;  la<t 
a  few  hours. 
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metabolbm  of  the  organs.  Part  ia  probably  due  to  the  nervous 
exaltation  prcxiuced  by  the  bracing  air,  the  new  conditions  o£  life, 
&(;.i  LtjRWy^  howpver,  difl  not  find  that  a  Bojoum  at  a  bracing 
seaside  ^Wt;  had  a  AimilAr  infliience.  ^kinitt  writers  ti&vE^  attri- 
buted the  increase  to  the  electrical  potential  of  mountain  peaks, 
but  have  adduced  no  convincing  evidence. 

By  lower  oiygen  tensions  than  iO  mm.  Hg  in  the  alveolar 
air,  the  metabolism  of  the  cells  beJ^omPB  deranged.  The  respira- 
tory (quotient  rJHe^,  lactic  and  oxalic  acitls  appear  in  the  urine, 
and  the  alkalescence  of  the  blood  ainks,  The  living  protoplasm 
obtains  its  oxygen  from  the  leea  organised  Bubatancea  in  the  body. 
Such  decomposition  is  signalised  aUo  by  the  fatty  degenera- 
lion  of  the  tiasues  and  by  an  increased  nitrogen  output.  The 
latter  rose  75  per  cent,  in  a  dog  Hubmitted  for  7  hours  to 
230  mm.  Hg  (Fraetikel  and  Geppert). 


GndlfQES  IN  THE   ClRGDLATOHT  AND  ReSPIRATOBY  MgCUANISMS 
OCCUERINO   IN   HlOH  AlTITUUES 

A  diminution  in  the  barometric  preBsure  has  no  mechanical 
efTect  on  the  circulation  or  respiration-  The  fluids  of  the  body 
equally  transmit  the  change  of  prcasurc  to  all  parts.  The  blood 
proeauro  haa  been  measured  and  found  to  be  unchanged  at  a 
pressure  correaponding  to  an  altitude  of  tjOOD-7000  m. 

Ifthe  pulse  is  accelerateJ, the  respiration  tjuickened  and  deepened, 
these  reaulta  are  due  to  chemical  and  not  mechanical  causes.  The 
pulse  Frequency  is  always  increaaed  in  high  altitudes,  and  especially 
when  wurk  is  performed.  A  soldier  in  Turin  i-aised  5  kg.  dumb-bells 
at  4"  intervals  121  timea.  and  his  pulse  increased  from  62-68.  On 
Monte  Rosa  he  raised  the  bella  119  tiraea,  aad  his  pulse  increased 
from  94-120. 

Cheyne-Stokca  respiration  and  irregular  depth  of  respiration 
oommonly  occurred  ui  men  sleeping  or  resting  on  Monte  Rosa, 
and  are  probably  to  be  ascribed  to  the  diminished  tension  of  CO, 

in    the    alveolar   air.     Haldane   has   shown   that    the   rhvthm    of 

■ 

respiration   is   noimaliy    controlled    by   the    CO-,    tension    in   the 
alveoli,   and   that    thia    tension    is    kept    remarkably    constant. 

'  A^giu&otti  Tailed  to  find  any  laaroaaad  Og  ai«  or  CD,  output  lo  gaibec^nge 
k&pt  »t  higb  altitudefl. 
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Pembivj  «nd  Alkn,  motnaver,  hav«  Aboluhed  Cbe  jBe-dtoke#  re- 
qnntion  by  mcTeMtang  the  amoant  i^  00.  in  the  air  tH««tbed- 
In  hi^  mhitadeft  tiie  00,  in  the  air  is  leas,  mud  tbi«  to^Hhcr 
wiUi  the  increased  pulmoosiy  ventilatioii  prodneed  by  ojcjgen- 
hnnger  lowers  the  alveoUr  CO,  termoa^  Tlw  ngpiatory  cmtn 
thoB  lacks  ita  normal  excitant-  The  00,  in  die  vetH>iia  blood, 
moreoro',  under  ordinajy  condidons,  Eauea  the  o^gen  tenwm  bj 
increafling  the  diasooatioD  of  OHb,  This  e&ablea  the  tipniea  to 
obtain  moat  of  the  O^  in  the  blood  in  djapDoeic  condmona, 
prodooed  br  Btepoea  of  ajr-panagea,  kc-  (Bohr).  Sndi  action  of 
the  00,  is  prercnied  bj  the  incnaaod  ventilataoD-  Mamo  faaa 
wTon^j  re^aided  the  Ifaaentd  00^  tennoa  aa  the  pnnufj 
of  momitam  BcJaieaa- 


TfiE  Bi/fi>i»^AFU?iCL£»  IS  High  Ai,Tmn«b 

Btft,  baTiii^  ivAcbed  tM  'xiti^hiaoa  that  MaarrwaiJM  k  iIm 
caoae  ol  E&ovciais  mr^a^fa^  vaa  coufiimal  in  t^  -mw  br  d« 
obaerratkA  tiiai  *?*^-^«  Irrii^  in  Mi»rx3ir7>  at  ^iVj  m.  h^  dfjmiAt 
the  nonnaJ  irtizu^  ''^f  *«fi  'x?pi»riMa»  \ua3t  frnui  ^lU^  scXbrjB 
corpoadcft  yse  '-■^■■^  f^  P*r=TJuic  dv*^I^L:^  st  4S1*<S  n^  Is  the 
latna  he  f'y=:>d  ^^  "^  "^^^  Time  r4?s^-u  Lare  bw=.  fn^^^ftsofr 
coofincfid  a^  aiKr"'>^i  v^  i^^lj^t  ra^^ft^^^v^  iu^n^avi  lor^jcsiMb^ 
to  incnftMfi  i^i:^  v=«-  ■rjrj-^z.'zrwri'jc  of  to*  'mA.  v*  'xc^*atM 
of  the  b>»:  ^  :.iit  }**r-;^*KrL  piru  uA  ^jr^^atwA  'xgyjreTiraar'.a 
there,  acri  lii»:^7  v;  -.ii^^Bw  i::idv.wi  'A  w  i'r/'^i-xraiias^ 
chamber  17  tirt  u-'*»n£vjr,  ;.-,  'A_r.cii^riE  tr*»iJC»  Tiii*  jMt 
ex[Jana«^.c  Iw  '-*:*^  .-j*aasv'T*r;  -.7  *xa^  :i-!»iii7>ffii<:^-:4.  k^  ^^i-iv* 
can  be  ^'>  d'jx.'^  -liic:  M'i^  m*.'.^  ^^'^^^.Tt  'y^^rm  Tut  'idsitfs*  jiasr 
occur  3;.  t*^v-c  bvwirj*  .-  >3W  *auii  tJL  Oi'j-,:-.  «ai  4  v^  r^  urrL-jni 
to   ti*  i^.r^ftifri  -.,Tt.:rtiiiii^j','-,  'jf  -7;;L^a  vir.   '^  iw  >»T:^a«k 

Poa  Laf  i^fj^  t  a^L.liivi   .tu*^*  v.r^i-v.;*w  ^  ^j**    "-uv>i  ^u^a  it'jil 
tltf  v*i^  y  --1**  >*,-  -.1*:    ',   -lit::  :V--^  '.ai*  '^-j:;*-,  -.c  -^■.'■j--a  iini; 
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in  the  liver  it  dimmiahes.  Nucleated  red  cells  mnj  appear  in  the 
blood.  MantK  kept  ral^blta  on  the  rtunmiit  ol  llie  Pic  dii  Midi, 
at  2877  ni.,  fur  seven  years.  OtLere  he  kept  ia  the  pl^n,  Oa 
comparing  the  blood  he  found  :— 


Diamiy. 

SfilliU, 

Iron 
pvr  Cent. 

Vic  du  Midi     , 
Plain 

lfi-75 

70-a 

40'3 

The  tncroase  iti  the  amount  of  htpmoglobln  is  obviously  a 
reaction  an  the  part  of  the  orgaaiam,  wliich  atrivea  to  compeofiate 
for  the  low  0^  preasiire. 

It  16  intoreating  to  note  that  diving  birda  which  stAy  a 
mitiute  or  two  under  water  have  double  aa  much  blood  as 
ordinary  birds  (Bohr), 


Susceptibility  to  Mountain  Sickness 

From  the  previous  pages  it  ahould  liave  huoome  evidL'nt  that 
the  Huaccptibility  of  certain  individuals  to  mountain  aickneaa,  and 
the  immunity  of  others,  dep<^nde  on  the  depth,  of  the  pulmonary 
ventilation  and  vigour  of  the  circulation,  and  on  the  absorptive 
power  of  the  blocxl^  which  may  vary  with  bcjth  the  quality  and 
quantity  of  the  htemoglubin.  AH  these  factors  may  be  modified 
by  training.  To  climb  to  great  altitudefi  in  an  untrained  con- 
dition ifl  to  court  diaafitar. 

The  Therapeutic  Value  of  Modntain  Air 

The  beiielicial  action  of  mountain  climate  liea  in  its  purity 
from  dust  and  bacteriap  in  the  bracing  cold  and  intense  iitsolation, 
in  the  strengthening  of  heart  and  rcapimtory  mechaniam.  in  the 
increased  respiratory  metaboliam,  and  increased  Jcrmation  of 
hfemoglobin.  It  is  not  by  any  means  proved  that  the  two  la3t 
factors  are  due  to  high  altitudes.  Probably  aea  or  country  air 
with  exhilarating  eurroundinga  will  induoG  the  same  changes  in 
town-dwellera. 


CHAPTER    IX 

THE  INFLUENCE  OF  INCREASED  ATMOSPHERIC  PRESSURE 

Nowhere  on  the  surface  of  the  world  do-  we  find  aerial  animals 
naturally  exposed  to  increased  atmoapheric  pressure.  The  deep 
holes  in  the  earth^a  crust  are  filled  with  water,  and  io  the  valley 
of  the  Dead  Sea — where  the  chmate  ie  so  dry  that  the  level  of 
this  sea  lies  below  that  of  the  ocean — in  this  valley  the  atmoa- 
pheric pressure  does  not  exceed  825  mm.  Hg.  Man,  in  his 
restless  pursuit  of  a  hving,  has  driven  mines  into  the  bowels 
of  the  earthy  and  has  sought  to  gather  the  riches  of  the  sea 
by  the  invention  of  diving-gear,  and  to  build  harbours  and 
quays,  to  tunnel  under  rivers,  and  establish  the  foundations  of 
bridges  by  the  construction  of  caissons  and  the  employment  of 
compressed  air. 

In  the  sixteenth  century  Sturmiua  invented  the  diving-bell. 
This  bell,  full  of  air,  was  lowered  into  the  water,  and  at  10  metres 
the  air  occupied  one-half  and  the  water  the  other  half  of  the  bell, 
at  20  metres  the  air  one-third,  and  the  water  two-thirda,  for  10 
metres  of  water  is  about  eqcal  to  the  pressure  of  1  atmosphere. 
The  men  naturally  worked  under  very  bad  conditions,  and  Halley 
tried  to  improve  matters  by  sending  down  casks  of  air,  which 
were  opened  in  the  bell,  while  the  warm  foul  air  escaped  through 
a  valve  in  the  top. 

In  18;i0,  Cochrane,  the  famous  admiral,  patented  a  method 
for  using  compressed  air  to  keep  the  water  out  in  tunnelling  under 
rivers.  The  method  was  firat  put  into  practical  use  by  Triger 
in  1830,  who  auccesafully  sunk  a  caisson  through  a  layer  of 
quicksand  at  Chalonncs,  and  thereby  reached  rich  beds  of  coal. 
A  caisson  is  a  steel  cylinder,  which  is  sunk  in  water,  or  wet  aoi!» 
and  out  of  which  the  water  may  be  kept  by  means  of  corapreaaed 
air.  The  men  in  the  caiason  are  thus  enabled  to  work  in  dryneas 
on  the  bed  of  the  sea  or  river.  The  inlet  of  the  caiason  is  fitted 
with  a  double  set  of  air-tight  doors  opening  towards  the  caisson 
and  forming  an  air-lock.     The  air-lock  is  provided  with  suitable 
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lat  21  houiB,  wliils  300  per  c^nt^  0«  produced  in^ammatiOQ  in 

lours.     Our  resiilta  ctinfirm  )iia. 

Lorrain  Sniith  migge^la  that  inBamiualion  of  the  lunga  may 

a  caaa«  of  caisaoii  diBe&se  as  well  aa  decompreaaion  g(L3  cmbo- 

We  do  not  find  much  in  our  experiments  to  confirm  this 

Tlie  highest  pressure  hitherto  used  in  caisaoos  la  4-45  s,tm., 

the  men   never  work   for  uhiFta  tonger  th&n  a  few  houra.     It 

13  to  require  about   24  hours  at   +7  atm.  (  =  166  per  cent, 

0^  to  produce  marked  aymptoma  of  pulmonary  congestion. 

pneuruouia  reaults  at  this  pressure  if  the  partial  pressure  of 

len  is  reduced  by  the  addition  of  nitrogen. 

We  ohserveil  no  sign  of   lung  trouhle  io  a  monkey  whiiih  wai 

iKMed  on  many  days  to  8  atm.  for  4-£J  hours  at  a  time. 


TtiE  Imail'sjitv  op  the  Swim-blal»der  tu 

Ox  VG  E  N  -Po  ISON I N  Q 

^hc  epithelium  of  the  swim-bladder  of  dccp-sca  fishes,  an 
n  aunJogoua  in  its  development  to  a  lung,  aeema  to  be 
une  to  high  presaurea  of  oxygen, 

hiB  swlm-bl Holder  in  n  ]<in^  aau  usually  Ijiiig  dorsal  to  the  gut, 

Lich  It  is  an  outi^iowth.     It  U  present  in  Tuott^  hut  not  aJt  Sahes. 

one   i^aHes  ther?  is  a  ductus   pnsumFLticuH  communicating  with 

at.     The  fuuctioti  of  the  awim-bludder  Is  to  adjust  the  HpeciGc 

ty  of  the  body  at  any  d(?pth  to  tbat  of  th©  watei*,  ao  that  the  fieh 

Da  au&poiid^l  tvitliout  mii^uUr  effort.     When  the  fieh  deacenda 

vraler  the  air  in  (be  blu.ddcr  is  oompreased,  tbe  speci^o  gruvity 

body  mcruaFieb  itud  tlte  volume  deuroa^^efi,  so  that  it  taud^  to 

^Ai^hctr;  ^vhoQ  it  rieee  tho  oonrorse  hoUfi  true. 

S18  n  fibh*  hooked  in  deep  water  and  imi^  well  started  on  the 

jouriioy,  floJit*  int^aistibly  to  the  flxirface   and  anives  wich 

'her  burz^t  or  vasr.lv  dis^andetl   mid   pmjecting  from  its 

''«  (iiipEU^utlj  mJtde  uQComfortiLblB  by  alter&tioiifi 

*U*^  disL^omfort  cuuse^  it  to  ^tay  at 

d  as  it  h  in  thk*  fore  part 

.oaition  of  the  body — 
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cocks,  wtiereby  the  men  can  be  subjected  to  compreasion  and 

det'cim[]reasion  on  entering  or  leaving  the  uaisaon. 

Ten  metrea  of  water  correspond  to  one  atmosphere.  Thua  for 
every  10  m.  or  WA  ft.  an  air  pieBBure  of  + 15  Iba-  to  the  eq.  inch 
or  1  atm.  la  required  to  keep  out  the  water.  Id  the  case  of  a 
diver,  the  ponditiona  are  the  same:  compreaaed  air  iri  delivered 
through  a  valved  inlet  tube  to  his  helmet;  the  air  eaeapes  through 
a  valved  outlet  into  the  water;  the  hehnet  la  joined  to  the  dres3 
in  air-tight  fashion,  and  the  water  is  kept  cut  of  the  drcaa  and 
helmet  hy  the  compressed  air.  The  preasuro  of  the  air  must 
always  be  just  in  excess  of  that  nf  the  water.  At  100  ft.  a  diver 
is  exjxjfied  to  4  atm.  and  at  200  ft,  to  7  atm,  preaaure.  It  was 
aoon  found  that  deep  divers  and  men  working  under  high  prea- 
aure  in  caiseona  are  subject  to  various  aymptomfr  which  occurred, 
not  during  compression,  but  after  decompresaion.  The  minor 
Bymptoms  are  severe  pains  in  the  joints  and  musclea,  popularly 
called  "bends''  or  "  t\ni  pressure.''  The  severe  symptoms  are 
protean,  and  include  epigastric  pain  and  vomiting,  rcaptratory 
embarraBsment,  paraplegia,  auditory  vertigo,  sudden  loss  of 
consciouaneas,  and  death.  In  the  oaisgona  uaed  to  sink  the  piles 
of  the  St-  Louis  bridge  the  pressure  equalled  4J  afcni.  The 
number  of  workers  was  GOO,  of  whom  14  died  and  119  were  more 
or  Jeas  affected.  There  were  53  cases  c£  paralysis  of  the  lower 
limbs.  It  ia  recorded  that  the  controllers  of  the  air-lock,  who 
were  subjected  to  compression  and  decompri? anion  every  few 
minuteSf  and  visitors  who  stayed  but  a  few  minutes  in  the  St. 
Louis  caiaaon,  never  auSered.  Among  divers,  paraplegia  is  so 
common  a  aymptom  that  it  is  known  as  '' divers'  paby."  The 
Greek  sponge  and  coral  divers  have  lost  as  many  as  a  score  of 
men  in  a  year.  The  men  are  stricken  shortly  after  returning  to 
the  boats. 

Many  medical  writers,  knowing  the  effects  of  compression  and 
of  cupping  locally  apphed,  have  ascribed  the  causation  of  com- 
preased-air  illness  to  the  mechanical  eflects  of  the  pressure.  They 
have  supposed  that  the  blood  is  expressed  from  the  outer  part  of 
the  body  and  congested  within,  and  that  the  illneas  arises  from 
this  congestion.  They  have,  in  particular,  auppofled  that  the 
central  nervous  ayatem,  enclosed  in  a  bony  case  as  it  ia,  is  pro- 
tected from  the  pressure,  and  henc<*  is  especially  liable  to  congestion. 
Such  suppositions  neglect  tbe   faf^t  that  the  compressed  air  ui 
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equally  applied  to  everj^  part  of  the  outer  surfaee  oi  the  body  and 
in  the  lungs,  and  that  tlie  fluids  of  the  bodj'  transmit  the  pressure 
equally  and  Instantly  to  all  parts,  so  tbat  the  mechaniral  elTec^t 
ia  ail.  How  little  protoplaam  ia  affected  by  fiuid  pressure  ia 
shown  by  the  oxietccce  of  abundant  iifo  in  the  abysm  of  tho 
ocean,  wheie  at  a  depth  ol  :iOOO  mofcrea  the  pressure  of  the  water 
equals  200  atmcspherea. 

The   neglect   of   a   simple  physir^l  law   is   the  leas   excusable 
seeing  that  PoisaeuUle  in  183^  observed  the  capillary  circulaLion 


Fig-  11.— Ail  liuNjBp  set  Trte  lu  Ve^scUuf  Heart  after  rapid 
Docomprcaaion  (v.  .^L-^rcj^r), 


in  frogs  enclosed  in  a  strong  glass  chamber  and  submitted  to 
3-9  atm^  preasurc.  The  compression  had  no  inituence  on  the 
circulation.  The  body  of  a  worlonan  exposed  to  compressed  air 
supports  at  H-1  atm.  an  additional  15,000  to  20.(K>0  kilogrania. 
If  it  were  not  fur  the  incompressibility  of  Huids,  and  the  equal 
and  instant  distribution  of  the  pressure  to  all  parts  of  the  body, 
life  would  be  impoasiblc  under  ony  variations  of  almoaphcric 
prcfleure. 

The  only  mechanieal  coinpreiwions  which  ran  occur  on  ex- 
posure to  compreaaeil  air  are  the  compression  of  the  air  in  the 
middle  ear,  producing  tension  of  the  mcmbrana  tympani,  Tioiscs  in 
the  oar  and  pain,  if  the  Eustachian  tube  ia  blocked  up  by  a  cold, 
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and  compression  of  the  gas  in  the  AUmentaty  canal,  which  leade 
workmen  to  tightieiD  their  bell^^  aii<]  allows  an  anipler  descent  of 
the  diaphragm  in  inapir&doB. 

Paul  Bertj  by  e.  remarkable  scriea  of  experiments  {La  Prcssion 
Biirojiit!trifjite,  l!^7^),  firat  proved  that  tha  true  eau^eoi  cojupreased- 
air  illness  is  the  effervescence  of  gaa  in  the  body  fluids,  an  efferves- 
cence which  takes  place  when  a  man  \s  rapidly  returned  to  the 

normal  atmospheric  preHaure, 
The  gas  that  ia  set  free  on 
rapid  decompreaaiou  may  ob- 
struct the  circulation  in  vari- 
ous parts  and  produce  one  or 
other  of  the  protean  aymp- 
toma  which  caijwon  workcra 
and  divers  suffer  from.  Gas 
frothing  in  the  lieart  may  in- 
stantly kill  ane  iiwn  ;  bubbles 
in  the  heart  or  vessels  of  the 
lungs,  or  in  the  reepiratory 
centre,  produce  eniharrasa- 
ment  of  breathing  in  another ; 
air  etiibolism  of  the  r*?rpbral 
V  ease  la  may  cause  aphaaiai 
mono-  or  hemi-plegio»  of  the 
spitial  vessels  paraplegia ; 
bubbles  in  the  joints  and 
a  pone  ureses,  or  poAsihly  in 
the  posterior  nerve- roots  and 
apinal  cord,  may  cause  the  severe  pains  or  bcnda  from  which 
caiflaon- workers  so  frequently  suffer,  and  a  bubble  set  free 
in  the  labyrinth  of  ttie  ear  explaina  the  cases  of  audi- 
tory vprtigo.  Lastly,  bubblea  may  frequently  fonn  in  un- 
important places,  such  as  the  fat  and  glands,  and  prodace 
no  symptoms, 

Bert  also  found  that  a  high  partial  pressure  oi  oxygen  acts 
as   ft   general    protoplasmic    poison.       It   leaaena   the   reapiratory 

i  Thk  mplliod  was  cmplojrd  by  rj.  Hnni  ard  t.be  wriUir.  am]  has  sbowu  Mi 
bhJLt  the  bndjea  of  tats,  rlopom pressed  after  psjinpurp  to  F*  utin  of  air,  jielil, 
wfaon  cut  "Up,  about  [ho  Iheon-tiool  oninnnt  laE  nJtro^Pit  pas — f.f.  the  amount 
Qftkiulated  aa  dLuCflved.  uuppoMiig  fil  por  aoM.  of  Iheii  waigLl  u  wnler.  Must  of 
bbu  gaa  19  fr»  ia  the  ahdnmlaal  ciLvitj  adiI  bovnb. 


FIQ- 12.— Method    dC   obUiniiiii;    the 
Gfifl  «et   free  In   tUn  HmrL  on   Teefini- 
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e^cb&Qge,   depresses  the    body   temper&ture,   and    provokes   con- 
vuUiona-     These  effecU  we  will  now  conaidcr  in  furthci  dct&il. 


ThK    Mi:TAlU>LlSU    IN    COMPfiESSED    XiR 

The  rate  at  whick  fuel  burns  is  increased  bv  a  gieater  supply 
of  osygetiT  and  it  has  commonly  been  held  that  the  same  holds 
good  for  protoplasm.  Thisj  howei'er,  is  not  the  oaao.  It  has 
been  proved  that  osygea  tenaiona  between  11  per  cent,  and  04  per 
cent,  pf  an  atni,  have  no  infljiejice  on  the  rate  of  metaboliam- 
Within  these  llioitd  the  ceil  mka  its  own  rate  of  metaboliam 
(PflUgerjn  Artificially  increased  pulmonary  ventilation  does  not 
increase ;  and  the  mthdiawal  of  even  half  the  blood  doea  not 
diminish  the  oxygen  uHf. 

Dung  baa  recently  put  to  the  moab  e^act  teat  the  effect  of 
breathing  different  percentages  of  oxygen  (11-94  per  cent.),  and  con- 
firmed the  Qonelusion  of  previous  workcrB  that  not  the  alightost  effect 
on  mptabolism  can  be  detected.  Oxyg"eii  inhalation,  therefore, 
Gannot  be  used  aa  a  therapeutic  agent  to  increase  metabolism. 
Ita  only  value  ia  to  supply  sufficient  U^  when  by  reason  uf  anaemja, 
00  poisonings  nitrite  poieoning,  &c.y  the  tisBuca  are  not  adequately 
supplied.  Oxygen  cannot  do  much  good  to  cases  of  obstructed 
air-way,  for  CO,  has  to  bs  got  out  of,  as  much  as  oiygen  into,  the 
blood.  It  can  do  no  good  if  the  circulation  ia  too  feeble  to  keep 
up  the  normal  rate  of  supply  to  the  tissues;  there  can  be  littlo 
doubt,  then,  that  most  of  the  oxygen  inhalations  given  to  patients 
are  useless.  The  tissues  are  unable  to  oombine  with  and  stoce  up 
more  tliaii  the  normal  amount  of  oxygen.  Fallalse's  experimenta 
flhow  thia  to  be  the  case.  He  found  that  asphyAia  produced  by 
breathing  Hj  occurred  only  4&"  later  than  usual  after  80  per  c^nt, 
oxygen  had  been  inhaled  by  the  victim,  and  this  delay  was  abolished 
by  making  the  animal  breathe  air  for  a  minute  or  two  after  the 
inhalation  of  oxygen.  Breathing  pure  0,  baa  little  effect  on  the 
capillary  Oj  tension,  as  is  seen  by  the  following  considerations. 
There  ia  about  14  per  cent.  Hb  in  the  blood.  Each  grni.  combines 
with  VA4  G.c.  O,  (Hufnerjs  and  Hx  l-3'i  =  18"76  per  cent.  0^ 
when  fully  saturated.  At  an  alveolar  0,  tension  of  110  mm.  Oj 
the  Hb  is  81-5  per  cent,  saturated — that  is,  the  blood  contains 
15"31  per  cent-  0,  combined;  it  also  contains  OlJ  per  cent. 
simply  absorbed,  in  all  15'tJl  per  cent.     On  breathing  pure  Oi 
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the  alveolar  oxygoD  tenaioa  worke  out  a^  tiSO  mm^  after  deductint^ 
tension  of  water  vapour  and  COi.  The  Hb  th  S6-5  pet  cent, 
saturated  at  tliia  tftnaion — that  is,  ths  bltujd  containn  18-09  per 
cent.  0,  combined^  it  also  contains  181  per  cent.  tiissoWed,  in  all 
lll■l^  per  cent.  Tho  dili'cronce  between  the  two  conditicna  is  4-G 
per  cert.  0^,  Now  in  the  capilkriea  8  per  cent.  O^  ia  used  up,  so 
in  the  first  case  7-G  per  cent.  0,  remains  over  in  the  venous  blood, 
and  ll'O  per  cent,  in  the  second  caae.    In  the  first  case  the  ceUtive 

saturation  ct  the  venous  blood  ia  -,,-i-,  =  40"51  per  cent.,  corre- 

11"9 
spending  to  17  nun>  0,  tension;  in  the  aecond  case  --j;^.=63'44  per 

center  eorreaponding  to  43'4  mm.  Op  tension.  Thus  while  the 
alveolar  0^  tension  rose  from  110  to  070  mm.,  the  0^  tenaion  in 
the  capillariea  rose  only  2*i'A  mm.  It  takes  about  3  atm.  O-,  to 
make  a  relatively  high  Oj  tension  in  tbe  tiseueB  (Zunta  and 
Loewy).  Tbe  continued  action  of  osygen  above  100  per  cent,  of 
an  atm.  acta  a»  a  poiaon,  producing  inflammation  of  tbe  lungs  and 
convulsions.    Very  high  pressures  kill  as  if  by  asphyxia, 

J.  J.  K.  Macleod  and  tbe  writL?r  have  studied  tbe  respiratory 
exchange  in  mice  and  lats  placed  in  compressed  air  or  oxygen. 
The  preMuro  chamber  was  fitted  with  thick  glass  windows  and  a 
pressure  gauge.  Tbe  outgoing  current  of  air  wah  led  through 
sulphuric  acid  and  soda  lime  absorption  tubes,  and  the  output 
of  CO^  and  H^O  obtained  by  weighing  the  tubes.  From  the  re- 
eulta  obtained  we  concluded  that  compreased  air  above  4-5  atm. 
lesaena  the  CO^  output  and  lowers  the  body  temperature  of  mice 
and  ratJ*.  Tbi»  effect  is  imt  entirely  due  to  the  partial  preAsnre  oE 
oxygen,  for  10  atm.  ot  air  ia  more  depressing  in  its  effect  than 
S  atm,  of  osygen-  There  are  other  factors  to  coneidcr,  such  as 
the  cooling  effect  of  compressed  air — it  Is  a  better  conductor  of 
heat — and  the  resiatance  which  highly  compresaed  ait  may 
establiiib  to  tbe  diilusitin  of  CO^  from  the  alveolar  air  to  tho 
tidal  air.  The  saturation  of  the  air  with  raoiature  which  occurs 
in  preaaurc  chambers  helps  to  cool  auch  flomll  mamraab  as  mice 
and  rata,  but  this  can  have  no  effect  on  men.  Turning  to  the 
study  of  tlie  nitrogen  output,  we  found  that  no  noteworthy 
change  took  place  in  dogs  exposed  for  7  liours  to  8  atm. 
of  air. 


EFFECTS  ON  THE  LUNGS 


&» 


Effects  on  the  LuNas 

While  studying  tha  oxygen  tension  of  the  blood  by  Hfildane^a 
method  of  contraating  the  absorption  of  CO  by  shed  blood  and 
blcod  in  the  living  anima!,  Lorrain  Smith  found  "  that  expcauro 


Pig,  l^L^Seolion  of  Liin^  »ho«iD^  BroDahial  Tulic  niid  Atrt^nlE.     InD&iD' 
matorj  Eiadation  pfoOuocd  by  3  atni,  O-i.    (SvUoeh  and  HilL) 


of  animals  to  &  tension  of  JTO-J^  per  vent-  atm.  O^  cauBGs 
in  &  short  time  dlminutiou  in  the  power  of  the  lungB  to  octhdtj 
absorb  oxygen,  and  that  with  a  continuance  of  this  exposure 
the  arterial  oxygen  falla  till  it  reaches  the  level  for  which  mere 
diffusion  of  oxygen  from  the  alveolar  air  might  aecount.'* 

Thia  LS  because  a  high  partial  pressure  of  oxygen  exerciaea  a 
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marked  irritant  effect  oo  the  lungs,  producing  at  first  congestion 
of  the  alvenlar  capillaries,  and  afterwards  Iifl?morrhflgic  ejtudation 
and  consDlidatioii.  To  the  naked  eye  the  lunga  present  la  the 
earij  atagca  a  aufEuacd  redneaa.  Patches  of  more  Lntenac  exuda- 
tion occur  in  the  ^picca  and  edges  o£  the  lungs.    At  a  l^ter  stage 


?"■□,  H.— Atvooluu  from  thu  anrnc  prepiLr&tioJi  on  Fig,  l^f^hown  umlct  ■  liigh 
power.     Hole  lim  polymorpljo-DncLoiir  li>ucocj'teA,  detached  alveolur  aa\is,  and 


the  coDgeatlon  paJ^aes  into  typical  hepati»wtion,  the  Initga  t^nk  m 
water  and  are  of  a  dark  purple  colour.  The  pneumonia  Is  patchy 
if  quickly,  and  univccsal  if  slowly  developed.  Thrue  daya  after 
exposure  to  the  oxygen  the  alveoli  and  bronchioles  show  an 
exudation  containing  numberless  polymorpho-nuclear  leucocytes, 
cocci,  and  shed  epithehat  c&IIa. 

Lorraiu  Smith   foimd   that    180  per  cent.  atm.  0^  killed  in 
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about  24  hoars,  whlLc  SOU  per  cent.  0,  produced  infiammation  in 
5  hoiira.     Our  results  eocfirm  liis, 

LoiTuiri  Smitli  nuggests  tliat  inilummation  oi  the  luQga  may 
be  B,  csuae  of  caifison  diaeaae  &s  well  at)  decoiupreHaion  gas  embo- 
Wo  do  not  find  much  in  our  exporimeotfl  to  confirm  tble 
The  higheflt  pressure  hitherto  uaad  in  caiflsoua  ia  4-45  atra.^ 
and  the  men  never  work  for  shifts  longer  than  &  few  hours.  It 
SGHms  to  require  about  24  houra  at  +7  atm.  (  =  168  per  cent- 
atm.  0^]  to  produce  marked  symptoma  of  pulmonary  congestion- 
No  pneumonia  rceulta  at  this  pressure  if  the  partial  prosBure  oi 
oxygen  is  reduced  by  the  addition  of  rutrogen. 

Wb  observed  no  algii  of  huig  trouble  iu  a  monkey  which  was 
exposed  on  m&ny  d&ys  to  8  atm.  for  -4-5  hours  at  a  time. 


The  Immun[tv  of  the  Swim-blai>deb  to 

Ox  Yd  EN  -PO ISONI  NO 

The  epithelium  of  the  awim-bladder  of  deep-sea  fishes,  an 
organ  analogous  in  its  development  to  a  lun^,  seems  to  be 
immune  to  Ligh  preaaures  of  ostygen. 

The  swim-blnddei-  is  a  long  sac  uflnslly  lying  dorsAl  to  the  gut^ 
of  which  it  is  an  outgrowth.  It  ii^  pre^snt  in  moat,  but  not  all  Gshea. 
In  soma  Qajt^s  there  U  a  iluctus  piieumiLtieitA  communicating  with 
the  gut,  The  fuucUou  of  the  Bwim-bladder  ia  to  adjust  the  specific 
gravity  of  tho  body  at  imy  dt^pth  to  thiLt  of  the  water,  bo  that  the  fiah 
remaioa  su.speEnleJ  without  muticular  eSort.  When  tbe  fish  deseends 
in  the  water  tho  nir  in  tho  bladder  \e  dodll preened,  the  specific  grn%-ity 
of  its  hoily  increases  nod  Che  voluma  decreases,  so  that  it.  tends  to 
sink  farther  ;  when  it  viass  tlio  converao  holds  true. 

Thus  fL  fishf  honked  in  deep  witt«r  nnd  anca  well  fttarCed  en  the 
upward  joornej,  flotitjs  irresiati bl_v  to  the  fiuiface  and  arrives  with 
t,  hladder-  either  burst  or  vnr^tly  distended  iinif  projecting  from  its 
mouth.  The  fiah  is  a.pparont,ly  raaji?  uueomfortuhle  by  itlteratdoDS 
in.  the  volume  of  its  bLidder^  und  the  disci>mfort  caueea  it  to  £tay  at 
lift  proper  depth.  Tho  Hwiin-hlndrter,  pluped  n^  it  is  in  the  fore  part 
of  tho  body,  alfio  helps  ti>  pretiervo  tlio  normal  position  of  the  body — - 
the  herhd  higher  than  cbe  tail. 

The  Followijig  iugenioiu-^  expertments  demonstrate  the  fmietioci 
of  tbe  nwim-bladJer.  A  piece  of  cork  \h  tied  on  to  the  dorsal  fin  of  a 
gold-fiab  large  enough  to  float  it  to  the  sui^fnce  of  a  tall  jar  nf  waberi 

Q 
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And  a  piece  ol  lead  ia  tied  on  to  the  veutrfil  fin  of  another  juet 
heavy  atiougli  to  iiink  it  to  the  batt-am-  The  nnimals  by  nest  day 
will  havo  Btljuntoil  thdr  ^pacific  gruvity  by  meapa  of  tlirir  sw\m- 
bls'liiep,  and  both  will  be  foun/l  freely  swimming  abotit.  The  cork 
and  lead  are  now  removed — the  fiab  rtlloved  of  the  cork  iriesiatibly 
sitikB  to  the  bottom,  ^nd  tha  other  ri^eii  to  ths  anrfaoe,  and  th&re  they 
stay  uutil  a  uew  ailjutitaieut  of  the  bk,dder  ha;^  been  mude  (Moi'eai^). 

Analyses  of  tho  ^us  in  the  bladdor  of  deep-flca  fifih  abow  a  high 
psri:**3itrtg(*  of  [jsyj/i^n.  In  thf  hipiW  of  li  finli  i^Sifntipfuz-f'/'itiirhjiJi 
pinnaftut)  caught  at  ji  depth  of  4G00  ft,  aualysia  of  the  gaa  yielded 
85  per  cent-  0„  and  IS  per  cent.  N„.  The  prettmire  at  thiR  ciepr»h 
is  150  aim.,  and  thua  the  tenstan  of  the  osygen  in  the  bladder 
equalled  127  ntm.,  clihI  that  of  the  nitrogen  alxkut  18  ntm,,^  vhilOj 
iho  tenaiun  vt  these  gus^s  dbnolved  in  the  auixouiidlng  Bea-water  w»a 
only  I  atm.  and  t  atm.  respectively, 

B^hr  brought  uy  some  vod  in  a  bow  net  from  a  depth  of  4S  ft. ; 
the  gas  in  their  swim  bladdera  eipanded  Ut  such  a  ftegree  that  the 
fish  wert  forced  to  swim  on  their  bai^ks.  Aniilysia  of  the  gas  shnwed 
62  per  cent.  O^.  Nasi  mDrnin>;  Uie  fish  were  tL^in  the  right  way 
np  and  of  anrnial  hizft  Analy*iW  gave  1 0-lfi  per  cent.  O^.  Fwim 
one  Gsh  8  c-c.  of  gas  were  drewn  off  by  a  trocar,  and  foand  to  i^ontain 
15  por  etmt.  0^;  forty-eight  hours  later  the  bladder  yielded  7J  o-c_ 
and  79  per  cent,  O^ ;  twenty-four  hunra  Utor  7  ex.  and  84  per  cent. 
O^  After  cultiuy  the  intestinal  branch  of  the  vagus  by  nmking 
a  AUiall  upenitig  ju^t  behiTiit  thi^  gill-slit,  Bohr  foLiiifl  timt  Uir^  KetrHtiotl 
of  oxygen  ceased.  In  iiish  with  a  closed  bladdiT,  witliont  a  ductus 
poeumaticii-fl,  lliere  is  n  vascnlar  Jirea,  *Hhe  oval,"  which  ie  pemie- 
ablo  to  oxygen.  The  extent  of  tho  oral  and  tba  dilatation  of  il 
hlood'V+^*iijla  »i*e  <?otiti'nlled  by  muscle  and  the  escape  of  gaa  f 
the  hag  regulated.  The  epitheJium  of  the  bludder  in  in  another 
place  differentiated  into  a  ghmdular-like  structure,  ''the  rod  body/' 
whjoh  ha^  ilm  fuuctiuji  of  svureting  the  ga«.  In  the  red  body  &vo 
to  be  seen  the  diibrie  of  red  corpuacles,  Jaeger  Buggosba  that  the 
glauJ  secretes  n  lyein  whiiih,  by  prndodng  bieniolybiH  uf  the  corpuscle^ 
sets  oxygen  free.  But  Bohr  cakulatca  that  on  this  theorv  the 
would  wxm  havfl  no  red  eurfiuprlp*:.  It  \a  evident  that  the  epitholituQ 
of  the  fiwim-bliidder  itf  non-Kusceptible  to  the  poisoiiouri  induence  of 
high-tension  oxygen,  for,  while  5  aim.  of  O^  rapidly  poisona  ftl 
other  forms  of  protoplajsm.  we  And  the  Sj/napfio-bratn'hwi  )/inuatti 
with  no  oiygen  teoaion  of  127  otm.  in  its  bladder.  Wholes^  too,] 
muAb  be  immune  to  oxygen -puij^ning,  if  bhey  sound  to  greibt  depthi 


1  A.  Jae^cT  l9  nr  optnlnu  That  ntlro^cn  enten  the  hUdder  by  diffurioa,  aft 
ibe  fish  have  been  brought  lo  the  aurfac^. 
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for  then  the  air  In  tpheir  Jungs  must  be  DomproflJted  to  m&rtj  ktmos 
plierpH.  Must  thvy  letiuii  filowlv  to  the  surface  to  jivuid  the 
etferreecencQ  of  gas  in  their  Utkod]  or  do  ihoj  never  seek  the  depths  f 


Effect  os  the  Nritko-Muscular  System 

The  writer  has  erpcaed  nerve-musole  prepfiTfitiona — ^the  frog's 
gaHtrocnemiQe  and  sartarias — in  a  amall  chttmbtr  to  50-CO  atm. 
Oj.  After  one  hour  the  prefiarationa  were  decompresaed  and  con- 
traction  curvea  recorded,  and  compared  with  curves  of  control 
preparations.  In  the  case  of  the  paatrocnemiuB  the  curves  showed 
remarkably  little  difference.  The  muBcle  was  both  directly  and 
imlireotly  excitable :  the  rat«  of  conduction  in  the  nerve,  the  latent 
period  and  the  form  and  period  of  the  contraction  curve,  were  scarcely 
altered.  The  thin  aartorius,  on  the  other  hand,  showed  a  greatly 
diminished  height  of  contraction  and  a  prolonged  latent  period. 
The  frog's  heart  exposed  to  the  same  enormous  pressure  continiied 
to  rbj-thmically  beat  for  one  and  Rven  two  hours.  The  size  of  the 
contraction  only  gradually  became  lessened-  After  eipoaure  for 
about  an  hour  and  decompreeaion  the  cardio  inhibitory  mechaniBm 
was  tested.  Inhibition  by  es^itation  of  the  si  no-auricular  junction 
waa  readily  obtained.  Excitation  of  the  vagus,  on  the  contrary, 
remained  without  efTect.  The  action  of  the  vagus  provi^d  effec- 
tive before  the  period  of  comprefision.  It  la  probable,  then,  that 
cell-stations  are  parftlyaed,  while  nerve,  nerve-endinga,  skeletal, 
and  cardiac  muaele  are  but  alowly  affected  by  high-tension  oxygon. 
Paul  Bert  exposed  frogs  to  33r»  per  cent.  atm.  O^-  The  animaia 
appeared  to  be  dead  in  about  fprty  hours.  The  heart  continued  to 
beat  and  the  muacles  were  perfectly  contractile.  The  central 
nervous  ayatcm  woa  alone  paralysed  and  no  reflexes  ccukl  be 
excited. 

Effect  ok  the  Cemtral  NzRvoua  System 


Exposure  to   high   preaaurea  of  oxygen  produof 
(Bert).    In  4-5  atm.  O^  the  oonvutaions  occur  in  ab- 
they  resemble  in  type  those  prodnned   by  atrych 
Eicposure  to  higher  pressures,  (i-20  atm,  (.\ ,  pn 
coma,  anfl,  as  a  rule,  iicr  coiivulaiona  occur, 
atm-    Oa   instantly   throwa    any    animal,    v 


2U 


EFFECT  ON  THE   BLOOD  GASES 


brftte,  into  cotivulaions,  which  reaemble  thoae  of  acute  aaphyarra, 
Lorrain  Smith  uhaerved  that  a  bird  could  Ijc  thrown  into  con- 
vulsioiia  by  5  atm.  Oj  after  its  blood  had  beea  3S  per  cent. 
&aturabed  with  CO.  It  ia  evidently  the  extra  tension  and  not 
the  quantity  of  oxy^n  in  the  blood  which  excites.  Animals 
which  hnve  been  briefly  exposed  to  high  oxygen  presaures  and 
then  rapidly  decompreaaei  exhibit  reflex  byper-excitability  and 
tetanic  cocvulsiona.  The  spaanis  may  increaae  in  intenaitj  till 
the  whole  animal  betromea  rigidly  extended  and  can  be  lifted  by 
ono  log  hke  a  piece  of  wood.  The  animals  can  completely  re- 
covet  from  so  grave  a  condition  within  tW(>iity-four  hours,  and 
this  is  at'  because^  the  oxygen  goa  wliich  bubbles  of!  on  rapid 
decompression  is  rapidly  absorbed  by  the  blood  and  tiasuea. 

The  difference  is  moat  striking  between  two  rata,  one  decom- 
pressed from  air,  and  the  other  from  oxygen,  after  five  minutes' 
exposure  of  each  to  20  atm.  The  rat  exposed  to  air  dies  after  a 
few  convulsive  movements^  and  is  swollen  out  with  gas.  The  heart, 
the  veins,  the  fat,  the  Uver,  &c..  are  full  of  gaa  bubbles  (nitrogen). 
The  rat  exposed  to  oxygen,  on  the  other  hand,  is  convulsed,  and  oon- 
tijiuea  to  be  convulsed  for  raany  n:unutes  Lf  a  string  in  tied  round 
its  windpipe,  for  it  lives  on  the  bubbles  of  oxygen  gas  set  free  in  its 
blood.  These  bubbles  are  fairly  immerous  In  the  veins,  but  neither 
block  the  circulation  nor  appear  evident  to  the  naked  eye  in  thfi 
fat  and  organa-  The  lunga  of  the  oTcygen  rat  are  inteoseLyj 
congested* 

Effect  on  the  Blood  Gases 

The  aoalyeea  cf  the  arterial  blood  gasea  of  animals  exposed  bo 
compressed  air  show  that  the  amounts  of  nitrogen  aimplj  ab- 
sorbed increaee  with  the  presaare  as  required  by  Dalton'e  law 
(Bert,  Macleod,  and  Hill).     Example  : — 
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Tlie  nitrogen  In  lilocxl  gas  analysia  is  always  slightly  too  much 
owing  to  leakage  of  air  during  the  moulpnlationa. 

The  blood  can  raaily  be  collected  if  the  carotid  artery  ia  con- 
nected with  one  of  tho  exit  tubes  ol  the  preasurc  chamber,  for 
when  the  tap  or  this  tube  is  open^  the  compressed  fiir  forces  the 
blond  out  of  the  animarfl  body.' 

Effbci  on  thb  Circulation 

This  can  be  studied  hy  placing  a  retxirding  manometer  within 
tlie  preesuie  chamber,  or  by  obfietving  the  capillary  circulation  in 
the  web  of  the  frog's  foot  or  bat*B  wing — the  web  or  wing  being 
spread  over  the  window  of  the  chamber  and  iUiimiiiated  with  the 
arc  Irgbt.  Our  oliservations  showed  us  that  compressed  air  has 
no  mechanical  eiTt'Ct  on  the  circulation,  and  negatived  all  the 
mechanical  congestion  theories  of  caisson-^ cknese. 


m¥ 


The  Effects  of  DECOMPREasioN 

Out  oi  24  dogs  exposed  by  Bert  to  7^SJ  atm.  and  then 
rapidly  deeompreased  in  1-4  minutes,  21  died  from  the  Betting 
free  of  ga.s  in  the  blood  and  tinanes 
and  only  1  escaped  without  ^ymp' 
tome.  The  most  striking  of  Bert's 
rcsultais  the  following;  A  dog  was 
put  at  0^  atm.  The  apparatus 
burst,  the  dog  instantly  died. 
Enormous  Hubcutaaeoua  emphy- 
sema was  found  with  gaa  in 
fitomach,  omentum,  anterior 
chamber  of  eye,  apinal  cord, 
cerebro  -  spinal  fluid,  &c.  The 
right  heart  waa  full  of  gaa,  which 
on  analysis  yielded  15-2  per  centn 
COj,  S2'8  per  cent.  N,,  and  20 
per  cent-  Oj.    Similar  ceaultsbave  been  attainsd  by  von  SchrOtter. 

Having  obaerved  the  effect  of  rapid  decompreaaion,  Bert  found 
that  dogs  may  be  safeiy  espoaed  to  + 10  atm,  if  l-lj  hours  be 
taken   for  docomprc^on.     The   animale  must  not,  of  course,  be 


>  Gfld  Editor's  Nulfi  Bt  end  ol  Volacne* 


Fkj.  16. — Ltsioti  in  Spinal  Cord 
of  a  DivBT,  produced  iyj  tiuliblw  of 
N]hrog«n,  k?i.  free  flf[.eT  npid  decom- 
lireAsIan-  Tbe  man  hail  dived  to  a 
depth  uf  &bgnb  130  fb.    (rr.  SckrOtitr. ) 
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exposed  too  long,  or  oxygen 'p^flaun log  will  result,  and  the  circu- 
latory and  respiratory  mecbaniama  will  fail  to  bring  about  tht 
escapu  of  the  diaaolved  air  from  the  lunga. 

J-  J,  R-  Madeod  and  the  writer  pUcei]  a  frog  in  a  small  steel 
thariiber  whioli  waa  c^imeoted  with  a  cylinder  of  compreaaed  air 
and  provided  with  two  windows  by  wliich  an  arc^  light  could  Iw 
passed  through  the  t^liamber.  The  web  of  the  frog  was  stretched 
on  a  wire,  and  lixed  bo  that  the  amall  blood-vcsaela  ia  it  could 

be  seen  by  applying  a 
microacijpe  fitted  with  an 
inch  objective  to  the  out- 
side of  the  windown  We 
raised  the  pressure  to  20 
atm,  and  could  see  no 
difference  in  the  capillary 
eirc^ulatioD.  After  waiting 
for  ten  miiiutea  we  eud- 
donly  dc  com  pressed  tbe 
a]iia:)al,  and  then  noted 
first  one  or  two  and  then 
a  number  of  air -bubbles 
flcurrjiiig  through  the  capii- 
Jarics,  until  finally  colunina 
of  air  filled  the  vessels  and 
the  circulation  ceased.  On 
reapplying  the  preasure  the 
gaa- bubbles  again  went  into 
solution  and  the  blood  cir- 
culated normally-  The  disaolved  gas  in  the  blood  could  escape 
from  the  body  without  fomving  emboli  provided  we  made  tbe 
deeompreBaion  gradual-  The  whole  process  is  exemplified  by  a 
bottle  of  aerated  watiT  :  d  the  cork  in  such  a  bottle  be  drawn, 
the  dissolved  gas  escapes  aa  bubbles  oi  botb ;  if  tlie  cork  be 
again  pushed  into  the  bottle,  the  gaa  re-entora  again  into  solution 
and  the  fluid  becomes  quiet, 

A  large  pressure  chamber  provided  with  observation  window, 
electfic  light,  air-pump,  and  other  facilities  provided  by  Messrs^ 
Siebe  A  Gorman,  the  well-known  roarine  engineers^  enabled  us  to 
thorougUy  atudy  tbo  effects  of  rapid  and  slow  decompreaaion. 
The  chamber  was  provided  with  a  large  tap,  hy  means  of  which 


JTld.  16. — Nilr<>};4'n  BtuHiles  id  Vebfi4>lfl  of 
Spinal  Coril  nf  Doift  a.  Ktisult  of  Tahiti  Ducom- 
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th«  preafture  could  be  lowered  from  S  fttm.  to  1  atm.  in  about  lt> 
to  fiO  seconde.  It  wna  also  provided  with  a  piu-poirt  opening 
through  which  the  period  of  decompresaiou  could  he  made  to 
0W!tipy  one,  two,  or  more  Immrs. 

A  cat,  two  rabbitSn  two  rats,  and  two  mice  were  placed  in  tbia 
chftmber  and  the  pressure  raised  to  ^  atra.  A  ventilation  current 
waB  maintained,  All  the  animals  appeared  to  be  perfect))'  ucnoah 
At  the  end  of  an  hour  rapid  decompression  was  brought  about. 
The  [jhflinber  filled  with  mJat  owing  to  the  fooling  of  the  extended 
air.  When  the  miat  cleared  we  saw  that  the  cat  and  one  lablnt 
were  dead,  while  the  other  rabbit  woa  in  violent  tetanic  convulaionB. 

On  opening  the  chamber  the  rata  were  found  to  bo  dead. 

The  second  rabbit  died  abo  and  the  mice  alone  survived- 

Tliere  was  einphyrteina  of  all  the  tissues  and  frothing  uf  the 
blood  in  the  right  heart  and  lung.  In  the  aLbiuo  rate  we  could 
see  extensive  retinal  ha?morrhagcB, 

A  large  cat^  a  rabbit,  two  white  rats  and  two  mice  were  com- 
pressed to  8  atm.  in  tf()  minutes,  and  kept  at  this  presmne  for 
L  hour-  Decompression  occupied  1  hour.  None  of  the  animals 
showed  any  diacomfort. 

A  Rhcflus  monkey,  a  rat,  and  two  mice  were  compressed  to 
8  atm.  for  4  hours.  The  animals  seemed  untroubled  by  the  prea- 
sure.  Decompression  was  started  at  4.30  p.m.  by  opening  the 
small  tap ;  the  last  purt  of  the  deconipresaion  was  hastened,  aiul 
when  at  5,Si!>  the  pressure  regiatered  10  Iba.  to  the  aq.  inch,  the 
large  valve  waa  opened  and  the  pressure  quickly  brought  to 
earo.  On  opening  the  chamber  the  monkey  and  the  other  animals 
seemed  perfectly  normal.  On  removing  the  monkey  from  the 
chamber  it  struggled  ta  epcapcT  but  in  the  courfle  of  a  minute  or 
two  suddenly  became  quiet  and  lay  on  ita  side  gaeping,  and 
with  a  peculiar  cry.  It  gradually  got  more  and  more  dyspnceic, 
and  ita  lips,  tongue,  and  face  became  markedly  cyanotic.  Despite 
energetic  artificial  reapiration  it  died  in  about  10  minutes  after 
removal  from  the  chamber. 

On  opening  the  right  heart  a  Uttle  deep  purple  frothy  blood 
exuded.  Small  air  columns  were  to  be  Been  in  several  of  the 
menenteric  veins. 

The  <»ther  animals  in  thJa  experiment  did  not  Bhon  any  de- 
compression aymptoma.  The  cause  of  the  trouble  was  the  ac- 
celeration of  the  last  part  of  the  decompression. 


'AQ 


THE  EFFECTS  OF  DECOMPRESSION 


The  esperiment  vass  repeated  vtlih  ftnothei  monkey  (Bliesus)^ 
After  beiug  aubjefted  to  8  atm.  air  for  4  hours  2A  houra  wire 
taken  to  dEcxmipresa,  There  was  not  the  slightest  aign  of  de- 
compreasion  aymptoma. 

This  oxponment  w&a  repeated  three  or  four  tmiea  a  week  for 
a  month,  the  time  lot  decompreasion  being  in  each  case  2  hours. 


Fig,  n,— Nitrogen  Bubbloe  in  Vcbsl'I  i^f  I^nua  cf  Mmi?;?,  n  rcsQlL 
dF  rnpiLJ  clccDDk[hrcajiijb  {Finluiftun,  L.  Jlitl,  and  ifacleud}. 


There  was  never  the  siighteBb  sign  of  decompreaaion  symptoma, 
and  the  monkey  remained  in  perfect  health  and  maintained  its 
weight.  Towards  the  end  of  the  period  of  compresaion  it  some* 
times  aeemed  to  become  sleepy.  The  body  temperature  remained 
normal - 

Thu  microBCOpical  examination  of  the  organs  oE  animals  kiUed 
by  decompreaoion    show  that   gas-bubbieB  form   small   cyt^t-Uke 
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cavities  surrounded  by  compreaaed  and  flattened  eeUs.  These 
cavities  are  especially  evident  In  tiic  liver  and  central  nervous 
ayGteiu-  The  bubbles  set  free  in  tke  blood-veaaels  run  tcgether 
at  less  resistant  points,  and  tbe  vessels  become  occupied  here 
with  calunioa  of  corpusclea  and  there  with  long  bubbles  of  gas. 
Bubbles  are  often  set  fiee  in  the  connective  tieaue  spa-cas  and 
especially  in  adipose  tiaaue.  The  alimentary  canal  becomes  dis- 
tended vrith  gaa.  Wo  have  seen  bubbles  actually  within  the  cells 
of  the  hver  and  kidney  after  dL^compresaion  from  8  atm.  in 
5  seconds ;  the  cells  are  tora  by  the  bubbles.  Tha  longer  the 
exposure  to  compressed  air  the  more  completely  do  the  tissue 
fluldfl  become  saturated  with  dissolved  gas. 


Tkb  Tr£atment  op  the  DacoMpREasioN  bYMproMa 

As  we  tave  seen  in  the  eTperimenta  on  the  frog  and  bat,  the 
bubblea  of  air.  which  develop  in  the  capillaries,  pass  back  into 
solution  on  a  rapid  rcapplication  of  the  pressure. 

We  have  tried  this  in  the  case  of  larger  animals- 

A.  rabbit  was  kept  under  a  pressure  of  8  atmospheres  of  ftir 
for  hours  and  was  then  quickly  decompressed.  In  a  minute  or 
80  the  rabbit  develoiied  typical  deeompression  svinptoma  {i.e.  fell 
on  aide  and  limbs  showed  tetanic  convulsions).  The  preaaure 
was  now  quickly  reapplied  up  to  about  +&  atm,  by  emptying 
a  large  cylimler  of  eompreseed  air  into  the  chamber.  The 
symptoms,  however,  remained  imabsted  and  the  rabbit  aoon 
died.  Tt  wjifl  evident,  therefore,  that  for  the  reap  plication  of 
pressure  to  be  of  any  avail,  the  pressure  must  be  very  quickly 
re-eafcabhshed,  and  no  time  be  given  for  the  air-bubbles  to  tear 
up  and  damage  permanently  tho  nervoua  tissues,  or  to  produce 
stasia  of  the  circulation  for  too  long  a  period. 

We  therefore  repeated  the  experiment,  with  the  modification 
that  the  pressure  was  more  quickly  reapplied. 

A  cat  and  a  rabbit  were  subjected  to  an  air  pressure  of 
8  atm.  for  4  hours.  Decompression  was  effected  to  zero  in  about 
five  seconds,  and  as  quickly  as  the  taps  could  W  opened  (about 
five  aecondaj  a  large  cylinder  of  compressed  air  was  dehvered 
into  tho  chamber,  thus  raising  the  pressure  to  75  atm.  in  about 
2  minutes. 
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In  a  few  seconds  the  cat  became  entirely  paralysed  m  the 
]iMiihs  so  that  it  fell  helpless  tM\  to  iU  ^ide.  On  recompression, 
the  eymptoma  gradually  disappeared.  Some  two  or  tliree  niinutea 
after  recompression  the  oat  tried  to  walk.  The  preaaTirc  waa 
maintained  for  45  minutes  and  then  slowly  lowered.  The  cat 
reoovoted   and  on  removal  aeemed  ^petfe^ltf  normal. 

The  rabbit  waa  recoaipressed  before  it  showed  any  symptoms  oJ 
decompression,  and  was  quite  normal  on  removal  from  the  chamber. 

AH  our  experiments  ahow  that  for  '^  aim.  -  hmirs  ia  a  aale 
period  for  decompreesion.  The  only  case  in  which  it  fails  ia  when 
the  aniniala  have  developed  aymptoms  of  oxygen > poisoning  aod 
have  become  comatose,  their  body  temperature  lowered  and  lunga 
congested  by  too  long  a  stay  in  the  compresaed  air.  The 
circulatory  and  respiratory  organH  then  fail  to  rid  the  body  of 
the  ga3  with  whieh  it  is  aaturated. 

The  'post-moTtem  examinations  of  men  stricken  with  divers* 
palsy  ^  paraplegia,  decubitiia,  paralysis  of  sphincters  —  show  ex- 
tended necrosis  in  the  regioa  of  the  posterior  aiid  lateral  columns 
of  the  cord,  eajjecially  in  the  cervical  region.  The  necrosis 
is  due  to  ischiemia  produced  by  air  embolism,  The  necrotic 
tissue  conaists  of  the  detritna  of  nervous  tissue,  and  overgrowth 
of  glia  tisane,  Tlie  blotKl- vessels  are  distended  hy  the  air-bubbles, 
and  the  corpuscles  driven  into  clumps  which  resemble  small 
hemorrhages  (von  SchrOtter).  Recompression  has  been  found  to 
alleviate  the  minor  symptoma,  auch  as  "bends"  which  occnr  in 
eaiason- workers.  Prevention  is,  however,  better  than  cure,  and  ex- 
perimental evidence  shows  that  the  grave  symptoms  can  be  entirely 
eliminated  by  making;  the  period  of  decompression  last  one  to 
two  hours.  The  periods  of  deoompreasion  used  at  present  in  caisaon- 
worka  Eire  far  too  short,^  and  there  can  be  no  doubt  that  the 
men  very  frequently  must  have  bubbleg  of  nitrogen  set  free  in 
tJieir  blood.  Whether  this  prodiit^ea  ill  effects  is  largely  a  niattrcr 
of  chance.  Young  men  with  elastic  arteries  who  are  deep 
breathers  and  of  spare  habits,  arc  least  likely  to  auiler,  for  being 
spare  they  wiL  dissolve  less  gas,  while  their  arteries  being  elastic 
will  he  leas  easily  bloeked  by  air-bubbles,  and  the  di^aolved  air  will 
quickly  be  expelled  by  the  vigour  of  their  pulmonary  ventilation. 
For  deep-sea  work  the  writer  has  designed  a  diving-bell  into 
which  divers  can  enter  and   enclose  themsalvce  after  completion 

^  Tv0Aty  mtnutSB  per  itm,  ia  k  fafa  rqle. 
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oi  their  work;  the  beU  b«i[^  then  boiateU  on  deck  caii  l»  ilowly 
de<!onipreese<l. 

Ffttjgue  brought  on  hv  over-work,  bad  ventlistion,  filcoholiflni, 
ojcygen- poisoning   from    long  e3t[ifwiiro    to    high   pressure,  or  any 

otber  cause  which  lowers  the  vigour  of  the  circulation  and  reapi- 
mtion,  vi!l  delay  the  uacape  of  the  dkaolved  gas  from  the  lui^> 


Fig.  18,— Nitrogen  Bubble  Lti  Bmin  nf  MoiifW^  i?oinpre*»lnj^  Cbn 
{}etU  of  LbD  Cortex  {finiaynait.  L.  Jli/l,  arui  Mvlii/fl). 


and  increaae  bhe  nfilt  of  the  workers.  The  rep]a<*ment  of  ftir  hy 
oiygeu  LQ  the  air-look  previous  to  decompre**iou  would  render 
the  prcceas  of  decomptes^on  sale,  and  allow  ita  execution  in  a 
much  shorter  time.  The  0^  carrying  power  of  the  blood  renders 
the  escape  of  much  oxygen  gas  us  bubbles  impossible-  Ag^nst 
the  use  of  this  method  is  the  ^eleteriouH  efiecta  which  oxygen 
produces  on  the  lungs  and  central   uervous  system.      Tt  would  be 
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unsafe  to  expoee  a   man  for  more  than  a  very  few  minuteB   to 
2  or  3  atm.  0,. 

Soell  has  laid  particuUr  etre**  on  the  Importanf^  of  free 
ventilation  in  caissons,  lie  aaye  that  the  aicknesa  increased' 
whenever  the  VO^  tension  riaea  to  0-1  per  cent,  aim,  C.  Ham 
and  the  writer  have  foimJ  that  a  tension  of  CO^  of  3-4  per  cent. 
atm.  produces  dyBpnrea  ej^uaUy  when  an  animal  19  expoaed  to 
GOmpresseJ  air  or  to  ordinary  air.  Thna  I  per  cent,  of  C0„  in 
the  air  breathed  at  4  atm-  pressure  has  the  same  eHect  aa 
4  per  cent,  at  i  atm.  Suoh  high  bMiaiona  of  CO^  aa  1-4  per  cent. 
seemed  to  have  no  parlicnlar  influence  on.  the  dangers  of  decom- 
jjression.  Any  agent  whieh  produces  exhiiustion  of  the  work, 
auch  as  hot  moist  air,  CO  arising  from  flare  lights,  H^S  emanating 
from  foul  soil,  will  increase  the  rtak  of  rapid  decompreaajoo  by 
lowering  the  vigour  of  the  workmen,  and  thus  the  etfidenoy  of  the 
pulmonary  ventilation. 


Thk  Efkkct  ok  Wateh  Prpshohk  on  Bioplasm 

The  sea  covers  141  million,  square  miles,  or  three -qua  rtere  of 
the  surface  of  the  globe,  and  everywhere  in  this  vast  espanae, 
from  the  cold  Arctic  and  hot  Bed  Seaa,  from  the  ahaltows  and  the 
depths,  the  dredge  has  brought  to  view  evidence  of  abundant 
life-  Up  to  1^65,  and  in  apite  of  the  resuits  of  soundings  by  John 
and  James  Rosa  at  ISOO  m^,  naturalists  eonsidered  the  abysm  of 
tlie  ocean  just  aa  barren  of  life  as  the  highest  mountain  peaks. 
While  taking  soundmgs  for  the  Atlantic  cable  the  naturalist 
Wallich  observed  atar-fiali  entangled  by  the  sound  brought  up 
from  a  depth  of  6500  ft.  Upon  a  piece  of  the  broken  Sardinian 
cable,  which  was  recovered  from  a  depth  of  2000  m.,  Milne 
Edwards  observed  Polypi,  Pectena,  and  even  an  oyster.  Theae 
animals  had  been  living  at  a  water  pressure  of  200  atm-,  and  had 
covered  the  cable  with  a  crust  doubling  its  thickness. 

The  Channel.  North  and  Baltic  Seas,  have  a  mean  depth  of 
about  100  in.  The  Mediterranean  mean,  1300  m. ;  deepest,  4000  m. 
The  Atlantic  mean.  3500  m. ;  deepest,  5000  m.  off  Cape  Veri  The 
Pacific  mean,  4235  m- ;  deepest,  the  fossa  of  Taaoarora  off  Japan, 
8573  m^  A  column  of  water  I0'l?'3  m.  high  equals  one  atmoaphere. 
An  animal  living  in  the  fossa  of  Tuscarora  would  therefore  he 
exposed  to  857  atm.    No  dirtct  auiiliglit  pierces  to  the  depths. 
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and  thua  a  flora  doea  not  exist  excepting  bacteria  and  fungi,  while 
the  fauna  Hvea  in  dflrknesa,  except  for  a  dim  phosphorescent  glow 
produced  by  tlie  radiolaria  and  other  animals  which  ccmpose  it. 
Water  ia  a  bad  conductor  of  heat.  So  that  the  temperature  in 
the  tropica  drops  from  HO^  F,  at  the  flurface  to  O^-b"  F.  at  a  dppth 
of  5000  ft.  (Regnard).  The  deep-sea  animals  prey  upon  each  other, 
and  upon  the  di'hria  of  dead  organiama  which  falls  in  a  ceaaeleaa 
shower  irom  the  higher  strata  oE  the  ocean. 

At  TUUU  ft,  the  dredge  of  the  Ghcdlengf^r  aetted  no  less  than 
200  specimens,  including  78  species  of  fiah,  TmiicateBi  Crustaceans, 
MoJluaca,  Echinodenusj  Worms,  Ccelenterat^B,  and  Protozoa,  The 
species  were  nuieh  the  same  a»  thuse  m  shallow  water,  but  were 
even  more  abundant.  The  abysm  yieldad  no  primeval  forms  of 
life;  the  deep-sea  fauna  appc&ra  no  more  ancieot  than  any  other. 
The  colours  of  the  animals  are  in  many  cases  etartlingly  brilliant, 
and»  owinj!  to  the  darkness  of  the  depths,  have  not  been  evolved 
for  the  purposes  of  protection.  The  eyes  are  iilther  rudimentary 
or  enormoUB  in  aiie,  while  the  tactile  organs  are  greatly  de- 
veloped in  the  form  of  long  barbels,  fins,  or  antenna?.  The  akin, 
bonee.  shells  jire  generally  soft,  and  scales  absent  or  Uttle  de- 
veloped. Moat  oE  the  aninials  show  phoBphoTescence,  and  in  some 
— OS  the  deep-sea  angler  fish — a  phosphorescent  light  is  suspended 
aa  a  ball  over  the  gaping  jaws  of  the  ^Ii. 

Kegraid  has  studied  the  eiTect  of  enormous  preaaurea  of  water 
on  all  kinrU  of  life.  He  used  a  hydraulic  pump,  and  a  flmall 
steel  pressure  chamber  ^tted  with  thick  quartz  windows  and 
illuminated  with  the  arc  light.  He  found  bacteria  and  yeasts  at 
700  atni,  prcwiuciwl  very  little  fermentation,  ao  that  urine,  nulk, 
meat,  Ac,  kept  sweet  for  days.  He  says  that  softened  but  never 
putrid  dead  fish  have  been  brought  up  in  the  sounds,  whieb  Eire 
ingeniously  contrived  to  open  and  shut,  and  collect  Hamplea  at  the 
bottom  of  the  sea.  Cartes  has  obtained  aeiohic  cnlturpa  from  all 
ftamplea  of  ttea-water  obtained  with  due  precautions  at  500  to 
51C0  m.  The  existence  of  bacteria  at  any  depth  is  thus  aasurcd. 
Possibly  the  deep-sea  bacteria  have  become  acclimatised  to  the 
pressure,  Roger  found  that  bacteria  —  cob  and  ataphylopocei — 
are  not  killed  by  exposun;  to  the  enormous  prpssure  of  2!)0;i  atm. 
{SQOO  kg.  to  the  sq.  cm.)»  while  anthiax  m  its  a^porogenous  but 
not  in  its  eporogenous  form  deteriorated  in  virulence  after  euoh 
exposure. 
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At  40(WK)0  atiD.  Regnard  found  parairiecia  becrame  swollen 
and  immobile.  Their  cilia,  too,  bocamfi  swollen.  After  ten 
minutefl^  expoaure  recovery  was  possible,  while  death  reaulted  from 
an  hour's  expoaure.  Actinia  ccmprossed  to  1000  atio.  were  awolleo 
to  doubk  their  weight ;  fitar-liBh,  womBj  ascidiflna  liWewiw  in- 
creased in  weight.  Crufttacea.  protected  by  thfiir  carapace,  with- 
stood the  pressure  better,  and  recovered  quickly  after  five  niinutea' 
exposure  to  RXX)  atni.  Among  vertebrubca  he  experimented  on 
the  cyprin  aft^er  first  emptying  its  awim-bladder.  At  200  atm. 
the  cyprin  became  tistJeaa^  at  300  atm.  it  died,  and  at  400  atm. 
it  was  awolleii  aiid  rigid.  The  critical  dejitli  for  this  fiah  waa 
about  -iOO  atm.  =  3000  m.,  and  Regnard  aaya  Burfaee  fish  are 
never  hooked  Iwlow  this  <lepth-  At  about  this  level  the  fauns 
belongs  entirely  to  the  abysmal  apeciea. 

In  small  transparent  e"?ls  tiie  heart  could  be  observed  beating 
at  a  time  when  tlie  anpcrficial  muficles  became  affected  by  the 
imbibition  of  water  Seeds  of  ctcaa  germinate  after  oipoaure  to 
1000  fltm.,  wUile  the  ova  of  ealinoii  are  destroyed  by  400  atm. ; 
the  cblornphyli  bodies  of  algit  continue  to  act  at  *tOO  atm.,  as  is 
flhowo  by  their  OKidibin;^  indigo  wbice  to  blue.  These  preasures 
have  no  action  on  enaymca  such  as  papain  and  ptyahn. 

Tlio  phoHphoreaoence  of  the  insect  Lompifris  noctilufms  was 
inhibited  hy  exposure  to  600  atm.  and  the  animal  became 
swollen  and  rigid-  Left  for  twenty-two  days  in  &  liottle  with  a 
dead  Lampyas.  it  remained  soft  ancl  flexible,  while  the  dead 
Lampyris  became  dried  up.  It  was  finally  exposed  in  a  vacuum 
over  calciiun  chloride.  The  excess  o£  water  was  thufl  evaporated 
off  from  its  protoplasm  and  its  pLoftphoreSfence  returned.  The 
muscle  fibres  of  animals  exposed  to  400  iitm.  l>ecome  rigid  and 
increased  in  weight  owing  to  the  imbibition  of  water.  After 
espoBure  to  600  atm.  the  cross  etriie  became  indistinct  and  the 
aareoplasm  separated  from  the  aarco!emma  by  water.  The  myelin 
of  the  nerve- fibres  becomes  interrupted  near  the  nodes  of 
Eanvier.  The  blood -co  qmaclca  are  destroyed  in  the  auperficial 
vessels,  while  the  protoplasm  of  mueoua  and  ciliated  cella  is  either 
throwQ  into  granules  or  compressed  rouitd  the  nucleus.  Piocos 
of  gelatine  or  agar  imbibe  water  Jkud  swell  under  the  high  pressure 
just  a*  the  bioplasm.  Since  the  dredge  has  brought  up  abiindniil 
living  forms  from  all  the  depths  yet  e.\p!ored,  it  is  clear  that 
the    protoplasm    of    the    abystual    species    must    have    become 
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modified  eo  aa  to  stand  the  cnonnoufl  water  pressure  without 
imbibition  of  evcesaive  amounts  of  water,  Thene  eiperiments  of 
Regnard  require  repBatlng  in  tbe  'ig^^l  of  rer^iit  work  qti  the 
properties  of  aolutions,  and  the  efiect  of  minute  traces  of  elec- 
trolytea  on  bioplasm. 
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Watbh  vapour  virtually  foi'tos  one  oF  the  oomponeata  of  tte  tttraoa- 
phere,  and  its  presence  is  rfvenled  by  condensation  a^  ruin  cir  cloud. 
The  qiianbitj'  ma-y  vaiy  from  1  to  33  gim.  por  c,  meti'o  of  i*ii\  TLa 
[tmount  required  to  aaturtite  the  air  vaHes  with  the  Uinp(.'Tiitiiro. 
At  32"  F.  fialuruted  air  Uddji  yJnftli  of  iu  weijiht,  at  SB"  F.  /,3th,  and 
at  86"  F-  i\th.  For  ovory  IZT"  Fr  increiiiie  in  temperature  the 
amount  IS  doubled.  The  density  nf  vapour  is  less  thjin  iLir  —  aa 
0  623  ia  to  VO.  Thus  a  cubic  loot  cf  air  saturated  ^itli  wa,tcr  vapour 
is  lighter  than  Fk  <!ubic  foot  of  dry  ^r.  On  this  largely  depends  the 
motive  power  of  the  atojoflpliere.  The  water  vapoiu'  in  the  tituioa- 
ptiero  exalts  a  most  important  itiAiience  on  the  hent  of  the  &vin, 
:Lnd  thus  11  [ion  Woplasm,  According  to  current  hypothebis,  the 
matoriftl  moleculea  of  hot  bodies  put  into  vibration  the  oontiga- 
ous  ethsr,  R.nd  this  tnLnHmitfl  the  vi1>ra.tory  looveiueut  an  r^/liant 
heiLt,  In  varuo  tho  propagation  of  heat  by  radiation  i^  perfectly 
&aaLogoi]i4  to  the  propagation  of  light^  aor]  the  vf'looity  in  the  imme. 
The  q^uantity  of  heat  receired  by  unit  Bui'face  in  unit  time  \s  invarflely 
as  the  squaro  of  the  distance  of  the  source  of  heat.  In  radiation 
through  matter  part  of  the  vibratory  movement  is  transmitted  to 
the  material  molecules  and  ab»»rhed-  Dry  sir  is  almont  equally 
diathermic  atid  tratjspiirent  for  alt  I'ayn,  Hnd  a^>4>rh^  ho  little  that  itj; 
prejioneecau  benoglooted  for -sinall  dii^taneoe,  and  the  number  of  raja  re- 
ceived by  ftn  object  in  it  ovn  he  tflkeu  a.s  vurjin^  ns  irhe  inverse  square 
of  t^e  distance.  Water  vapour,  like  glass,  i^  aimoat  opaque  for  the 
least  rofrangible  rays — tho  infra-red ^and  transpareot  for  the  middle 
luminous  aud  caloriSc  radiationfl.  Tlius  on  a  cloudy  day  the  watt^r 
Viipoiir  both  scatters  and  absorbs  the  dark  heat  rayn  and  Leas  heat 
reaches  tht)  ujirth.  On  the  other  Laud)  clouds  after  a  sunny  duy  prevent 
the  eacnpo  of  diirk  boat  from  the  eartli  and  cause  a  wnrnk  mjifht  In  a 
clear  night  th»i  dark  lient  radiatea  into  space  und  the  ground  cools. 
The  tran^sparency  an«)  diathermancy  of  the  air  are  propertEea  of  lbs 
greatest  importance,  since  living  energy  is  entirely  derived  from 
suoli^bt  and  heat.      Water  vapour  and  duat  serve  both  to  eoEtf-n 
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the  seorehing  power  oF  ths  aun  and  to  prevent  the  rnpid  Boattering 

into  flpnce  of  the  hent  ^ined  bj  the  ejirb^< 

0^viD^  to  the  high  npiaeitic  heaC  of  w^ter,  enormous  quantities  of 
Auu-lieat  ar^  Htoreil  up  by  the  sen.,  while  the  teiapei'ature  of  the 
luttsr  nowhere  rjfiea  abov©  85"  O.  Lund,  on  tho  othor  hanJ,  in  the 
tropics  maj  bn  heiLted  bj  tlje  sun  uven  up  to  140"  C  T 

The  heat  contalnGd  in  uny  pven  breadth  of  minbcftmH  ifl  moat 
oonpentntted  at  the  tropii'3,  wherp  nt  fiooh  the  earth's  flurfnee  lies 
diret'tly  tranfiverflB  to  Uie  path  of  the  sun'a  rayn.  Towanla  the  poles 
itud  in  the  winter  the  sun  aever  ri&oft  bif-h  in  the  sky ;  the  raj-B  fall 
H>  obliquely  that  the  given  breadth  of  suobeflmfi  i^  diffused  otw  a 
much  wider  irea.  The  air,  dinthormie  to  the  luminous  mys  of  the 
sun,  und  bitd  conductnr  of  hent  aa  it  is,  is  wttrmetl  by  tonbjiut  with 
the  enpth  or  soo,  ivad  tho  hcjtt  is  convayed  from  tho  lower  to  tho 
□p[ier  HtnLtu  of  Ijin  utmoaphere  by  convection  ciin-entK.  The  motiva 
power  duo  to  convocbion  ia  enormoualy  increoj^ed  by  ovaporatioup 
The  air,  lightened  by  heat  nnd  the  addition  of  vapour,  ascenda,  and  on 
oooling  partd  with  vapour  which  condenses  as  cloud  ;  the  condenHation 
«etA  free  the  latent  heat  of  vaporisation,  and  this  heat  seryea  lo  citrry 
the  neighbouring  tiir  to  atill  loftier  altitudes.  The  process  may  be 
repeated  over  and  over  again,  until  EniUly  the  cirrus  cloiid«  form  at 
&  height  of  five  ur  six  niili*fl.  The  origin  of  the  viLit  motive  power 
of  tho  winds  (the  pr&iaure  of  whirlwinds  renehuQ  100  Iba,  to  tho  sq. 
ft.)  in  bi'ought  home  by  the  consideration  that  the  euerj^  reqinred 
to  tubie  1  lb.  of  water  V  R  is  equivitlcnt  to  the  energy  of  a.  pound 
weight  falling  783  ft.^  and  that  56i  Cal.  are  set  free  when  1  grm. 
of  >tuum  at  100'  0.  condenses  to  water  at  100"  0.  The  water  vapour 
raised  in  oopious  ntundanee  ovor  the  oquntorial  and  tropieal  aeaa 
it*  tnuifiporttid  to  tht  tempeiate  aitd  colder  regions  of  the  earth.  The 
winds  arieo  from  the  difjplacemoiit  of  warm  moi^t  air  by  colder  and 
heavier  air,  and  are  modified  by  Che  efTect  of  the  earth's  roFAtion. 
The  soutb-wcflt  wind  cornea  to  us  warmed  by  the  aua-heated  tracks 
of  the  Atlantic,  wbiU  the  north-pnat  sweeps  from  the  ic&  and  hiow- 
bound  lands  of  the  higli  hititndea  of  Europe,  Condensation  takes 
plooe  wlien  warm  air  bt^coraen  cooled  to  the  point  of  satunLtion .  The 
cooling  is  brought  about  by  the  mixture  of  i:old  und  warm  current** 
of  air,  by  warm  air  blowing  Lipen  cold  land  eturface^^  by  the  jiliding 
of  warm  niai^sHs  of  air  up  the  slopes  of  hilln.  where  the  air  is  not 
only  chilled,  but  oxpunils  oa  reaching  higher  attitudes — regional  of 
lowered  barometnc  pre.'t^ure — -and  from  expanMon  eoDts.  Such  local 
VuriJitionj*  in  tho  earth  a  fitructure  enormously  LuHnence  the  i-ainfall. 

The  vtolvuca  of  tropical  rdlan  (the  annual  rainfall  in  the  Bengal 
moimtfliutf  eicetda  050  inches)  is  espluiaed  by  the  following  figures. 
At  20*  F,  nil'  takea  up  1-3  grains  of  water  per  c.  ft,  at  60°  F,  577, 
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ftt  65"  F,  12-78.  H  air  satuTflteU  ul  85°  F.  b&  cooled  to  00'  F.  everj 
0,  fr^  of  nip  will  jielil  T  graiua  of  water,  Tfiporiflfltiim  ift  produced 
by  the  bliwjiitig^  foiLb  of  wftLer  moltcules  wbicb  me  nejuLrnted  flora 
the  five  surface  by  their  TrLbmtorj  jiction.  The  mpiiiity  aud  foi<3e 
of  tbe^  ruolecular  Qi^htH  is  greater  in  pi'opoi'tiou  t-o  the  UeaL  of  tbe 
molecuJet^.  Tb«  full  tis.iurs.tiou  of  a  vaououa  space  is  bruugbL  about 
far  mcirfl  c^nickly  than  one  containing  air,  for  tbe  nir  partioloH,  by 
cvoflstng  tho  path  of  the  rapaur  moleciilei*,  retnnl  tjie  peii^^tration  of 
Uif  aqiiGPiis  nicilfii^nleft  among  tharn.  Wh^n  Jiii-  drifts  h\  tomlitionH 
uf  v/itid  it  cniTiea  th©  flouting  v^ipour  with  it  aod  accwlei-atpB  eya- 
poriition.  The  rata  of  ©vftponition  of  the  sweat  then  liepeds  upon 
tbo  relativt  Immidity  of  the  atmospliure,  and  wpfin  the  tompstature, 
moTem^ntj  tind  presiiurs  of    tbe  air, 

Tbe  lelatHivf  hnmidity  i^  obtHinad  by  diriding  the  weight  at 
vapour  aettuiliy  exiBtin^;  in  the  atmoapbere  by  the  wf^ight  of  vapour 
whiHi  would  be  preEent  if  the  air  were  Batiirjited.  The  dew-point 
and  the  actual  tempeni.tui'p  miiflt  fir^t  be  obwrved*  then  tbe  tendon 
oF  aqueous  viipour  (a)  nt  tbe  tempera  tare  of  the  dew-point,  and  (ii)  at 
tbe  actual  temperature  of  tbe  atmoHpUero  can  be  found  in  tftbleiH 

The  percentage  humidity  —  -  x  100.     The  dew-point  can  bo  dtreotl? 

0 

fouEtd  by  running  iced  water  through  a  chambor  covered  witb 
black  gla^H.  The  ehamber  contain.^  a  therTnoraetpr,  and  the  tenwl 
perature  li  read  when  dew  forms  on  the  ^lass.  The  ntniofipbei'e  ifl, 
on  the  jiTerage,  about  75  jter  cent,  eaturated  in  this  eouutry.  The 
reltLtive  biiraidity  h  greatest  u&ir  thv  suifaco  of  tbe  earth  nt  night 
when  tbe  temperiiture  appioeches  the  dew-point.  It  is  also  ^reat 
In  tbe  DiQining  when  tlie  Run  ha^  eynpoi-ated  the  dew,  and  the 
vapour  hiia  not  diffused  upwards. 

In  winter  the  ^utumtioiL  may  be  7Q  per  cent,  at  2  r-H.  and  95 
per  flflut.  ut  midnight^  wliile  in  flummer  the  Baturation  at  3  P.M.  miy  be 
50  pi?r  eent.  and  at  6  A,H,  75  per  cent.  Tn  nny  one  day  the  varuitiooa 
may  be  much  greater.  At  the  nen^ide  the  daily  variations  in  fiatimi- 
tinn  ftre  much  flnmller.  Air  in  foreBta  is  10-20  per  cent,  moister 
than  air  Lu  tbe  opi'ii.  In  California  tbe  balunLtion  dropf  from  100 
per  cent,  rtt  daxvn  to  22  per  i-ont,  at  uoon.  The  Fbhnwind  when 
it  reiLcbuti  the  Hiviei-a  lowers  Uie  hutui'ution  60  to  tiO  per  cent,  ia 
an  hour  or  two.  The  difference  it)  aaturatton  between  ont  of  door^j 
and  a  fttuve-heated  rrtniu  in  winter  ma^'  be  50  ta  HO  per*  cenL 

Water  vapour  Js  i\  far  hettcr  conductor  of  heat  tlmn  dry  airj  and 
thuR  air  sntiirated  with  vstpour  at  35'  F,  is  raw  and  chill,  and  damp 
houSL's  and  clothing  iucreose  tlie  loss  of  bu'ly  beat     The  beauty  of 
earth  and  Hky,  the  glories  of  aunriae  and  sunset,  depend  upon  th^l 
partidea  uf  du:^t  and  frozen  vapuiir  in  the  atnio^phertip     Tbe  particleftj 
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traoGTuit  the  looger  n^aveR  oE  ligbt,  and  reflect  and  Hcatter  in  all 
directioDE  the  slmrtrr  blue  und  violet  ones.  The  Hcattored  blue  rajt 
give  the  bluo  cglour  to  tlie  hc^avens.  At  high  altitudes  tho  blue  ia 
found  to  rhunge  towarria  black,  and  oiitRide  the  ntmoKphfirQ  the  i$un 
votild  appQjir  nob  vellow  but  blue.  Tbe  colour lesmicsa  of  tho  Jnnd- 
HCAfe  ID  intecise  fiitnligbt  its  aeon  bj  direct  vi.sion  is  vnry  noticeabln 
in  contrnat  to  the  depth  of  colour  seen  in  a  reflection  of  the  aame 
in  water  or  in  a,  mirror.  This  is  due  partly  to  the  white  ligbt  I'e- 
flected  frutii  ull  Hurffttes  without  penetration — colour  being  diio  to 
reflection  ufbur  pf*n titration  and  nbEorption  of  certain  taya — partly 
to  inidiation.  Any  brijfht  spot  appears  hirger  tbitn  it  reJiUy  in, 
owin^  to  the  ptimnhjs  ovt'rflov'iiig  into  the  region  of  the  retina  which 
liord<*rH  tlmt  directlv  stimiilated,  Tbo  colonrs  of  siinriBO  and  siinHet 
ate  due  to  the  obliquity  of  tbe  Bun*a  raja,  and  their  passage  through 
ft  far  greater  depth  of  atmosphere,  wbei'eb}^  the  more  refrangible 
T&ys  are  scattered  bj  dust  and  vapour  particleu. 

Protoplasm  contains alraost  80  percent,  of  water,  and  ita  vital 
activity  ia  inseparably  bound  up  with  tbia  high  percentage.  The 
water  is  iu  a  state  of  obeirdcal  oombitifttiori  so  tbat  it  can  only 
be  separated  by  very  high  pressure  or  by  processes  of  chemical 
disruption,  which,  as  a  rub,  arc  associated  with  coagulation  and 
death,  Neverthelesa  the  apores  of  bacteria,  aeeds,  rotifers,  &c., 
can  be  dried,  and  after  being  kept  inert  for  years^  can  be  restored 
to  activity  by  the  additior  of  water.  It  ia  a  question  whether  life 
continues  to  persist  in  some  particle  erf  moist  protopLaam  enclosed 
bj  an  impermeable  dry  envelope — a  cuticle  fonned  by  the  drying 
process — or  whether  water  is  entirely  removed  from  the  chemical 
combination  without  destruction  of  the  protoplaamic  molecule. 

The  organs  of  different  animals,  taken  £re«  from  fat,  yield  an 
almost  constant  percentage  of  wafer.  Thus,  in  the  niuaclea  of  the 
sheep,  ox,  awine,  the  percentage  is  73-7^,  in  those  of  the  lobster 
79,  of  the  anail  78-79,  There  is  also  no  great  difference  between 
the  various  organa ;  e.^.  the  blood  eontaina  80  per  cent-,  the  liver 
77-7ft  per  cent,  the  spleen  78-79  per  cent.,  the  heart  78-79 
per  cent.  Exceptions  to  this  percentage  are  found  only  in  tisauea 
modified  bv  the  storage  of  food  material  or  for  akeletai  purposes — 
tiesues^  in  other  words,  which  have  no  direct  share  in  the  activities 
of  life.  Thus  the  umbrella  of  the  jelly-fiah  U  an  lightened  by  a 
content  of  95  per  cent,  wat^r  that  it  aJmoat  floats  without 
muscular  eOort-  The  percentage  of  water  in  the  body  of  man  is 
about  63. 
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Th&  water  lost  per  diem  under  the  usual  fitmoGpheric  oondi- 
tionH  of  temperature  arid  humidity  ts  : — 


y  I'25  per  cert  of  body  weight 


Under  (xindittoDB  of  rest  nnd 

hunger 
Under  conditiona  of  rest  and  I 

RTerflgo  diet  (        "        '^ 

Under  <"onditioiiB  of  rest  and  [  ,  j-, 

rbhdict  I  ^''" 

Hard  work  and  uvcrflge  diet      291        ,, 

In  the  height  of  a.  hot  eummer  day  man  may  loae  water  at  the 
rate  of  487  per  cent,  of  the  body  weight  (calcuiated  for  twenty- 
four  hours),  and  if  he  works  bard,  at  the  rate  of  7-71  per  cent, 
(Ruhnerj.  A  hot  day  and  hard  work  may  increase  the  rate  of 
water  output  no  less  than  aix  times. 

The  toCal  water  in  a  man's  body  is  equivaient  to  the  amount 
normally  exc^reted  in  fifty  to  aixtj  days. 

While  froge  can  bear  drying  at  a  low  temperature — where 
their  metabolism  ia  at  a  mimmum — until  their  musclea  contain 
in  place  of  79  per  cent-  water  only  l?-28  per  cent.,  man  cannot 
lose  more  than  about  10  pei  cent,  of  hia  body  water  and  live. 

The  immediflte  efTpct  of  drying  is  thirst,  a  senaatiiin  which  arises 
from  the  lessened  percentage  of  water  in  the  palate  and  pharynx. 
The  cholera  patient  thirsts  because  ho  loaca  water  from  hia  gut,  tho 
diabetic  from  his  kidneys,  the  labourer  from  the  aweal  of  hia  brow, 
the  orator  from  the  locf.!  drying  of  hia  throat.  Thirfft  resiilta  no 
leaa  from  the  loss  of  blood  thati  from  the  taking  of  a  dose  of  aalbs. 

Straube  found  that  dogs  could  be  ictl  on  raw  meat  and  live 
without  teking  more  water  than  that  in  the  meat.  On  the  other 
haiidr  he  could  not  feed  a  dog  on  dry  meat  powder  and  fat  For  more 
than  four  days.  The  body  of  the  animal  lost  10  per  cent,  of  its 
water  on  thie  diet,  the  miiwdea  losing  most,  viz.  20  per  cent. 
There  occurred  iiicrcosed  destruction  of  tiasje  proteid  indicated  by 
a  rise  in  the  output  of  N^  and  Tfiy  The  hind  limbs  of  dogs  so 
reduced  showed  sigaB  of  paresis  and  a  tendent^y  to  convulaionB, 
which  were  immediately  set  aside  by  the  giving  of  walipr.  Thftj 
excretion  of  water  from  the  skin  and  lungs  dimimshcd  with  the 
increaaed  dryness  of  the  body. 

In  the  case  of  a  man  who  rcducod  hie  water  intake  by  27  per 
ceat.,  the  blood  temporarily  became  more  concentrated,  the  soUda 
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of  the  plasma  rising  from  SS  to  11'6  per  cent.,  tlie  rod  corpoBclefl 
from  4'8-5'58  million  per  cmm,,  and  the  specific  gravity  of  the 
eenrni  from  1027-4- 1033-4.  Equilibrium  waa  aoon  estabhshfid  by 
the  tissue  juice*  paaaing  into  the  blood,  and  a  repetition  of  the 
etperiraent  produced  little  effect.  Attempts  have  heeii  made  to 
drain  the  fluid  from  ilropaical  tiflaues  into  the  blood  hy  restricting 
the  water  intake,  hut  the  reaultfl  have  not  been  comoienaurato 
with  the  dtaconifort  caused.  The  problem  of  dropsy  ia  a 
compleic  one.  for  the  permeabiUty  of  the  capillary  wall  and  the 
osmotic  j  pressure  of  the  tissue  cells  are  altered  either  by  a 
deficient  circulation,  bacterial  infection,  or  other  abnormal  con- 
dition^of  the  blood. 

In  cases  of  severe  and  extenHive  bums  and  cholera  tho  blood 
thiekena,  the  urine  rises  in  ap.  §^.  to  1037-1040,  and  spasms  may 
occur,  poaaibly  from  the  drying  of  the  neuro-rauacular  Bystero.  The 
blood  in  cholera  may  lose  64  per  cent,  of  its  water,  and  if  the  losa 
from  the  tissues  were  in  the  same  ratio,  the  total  Loaa  from  a  man 
weighing  70  kg,  would  be  4-5  kg.,  or  about  10  per  cent,  of  the  body 
water. 

To  sum  up/then — while  a  fasting  matnmal  can  use  up  almost 
th.e  whole  of  lIib  body  fat  and  SO  per  cent,  of  its  proteid  before 
dying,  a  thirsting  one  becomes  moribund  when  it  has  lost  little 
more  than  10  per  cent,  of  ita  body  water. 

Some  of  the  lower  animals,  such  as  fro^,  can  be  dried  to  a 
far  greater  extent  without  loss  of  life.  When  kept  in  a  dry  glass 
chamber  fasting  £r<»gH  may  lose  25  to  30  per  cent,  of  their  weight 
in  2^3  days,  while  the  same  frogs  if  kept  in  water  only  lose  i-J 
per  cent.  By  gradual  drying  Durig  has  diminished  the  weight  of 
a  frog  by  no  less  than  39  per  cent,  without  killing  it-  On  the 
other  haul],  the  rajiid  lo9a  of  Iti  ]>er  cent,  of  its  water  killed  a 
frog.  In  the  case  of  a  frog,  dried  30  per  cent,,  the  blood -corpuscle 
counts  increased  from  1  to  2*  millions.  The  brain  and  heart  lost 
relatively  leas  water  than  the  other  oi^ana. 

Frogs  take  up  water  through  their  akin  :  they  do  not  dnnk, 
A  thirsting,  frog  with  gullet  tied  increases  in  weight  in  a  moist 
ohaniber  no  less  than  one  with  the  gullet  open.  The  absorption 
through  the  skin  can  be  easily  demonstrated  by  placing  the  frog  in  a 
bath  of  dilute  ferric  chloride  after  injecting  a  solution  of  potaaaium 
ferro-cyanide  into  tho  doreal  lymph  sac,  A  blue  band  is  aoon 
seen  on  section  of  the  skin,     Reid  found  that  fluid  is  more  easily 
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tfanaforred  through  the  living  akia  of  the  frog  from  without 
inwards.  The  converse  holda  good  lor  dead  skin.  A  small  doae  of 
alcohol  increases  whereas  chloroform  depresses  the  rate  of  transfer- 
ence. He  found  that  the  transferent^e  took  jtlace  wlien  an  isotomo 
solution  (6  per  cent,  NaCl)  waa  placed  on  either  side  of  the  skin 
and  at  th&  same  presaiire-  In  this  case  neither  oiir  conception 
oE  the  procosaea  of  Jiltration  nor  of  osmtwis  is  adequate  to  eipl^n 
the  transference. 

In  its  relatioQ  to  metabolism,  water  diRers  from  other  food- 
stuflu  in  that  it  does  not  become  stored  in  the  body  if  taken 
in  exceaaivc  amount.  An  enormous  conaumption  oE  water  only 
leaecns  for  a  few  hours  the  osmotic  preaaure  or  aolid  content  of 
the  btood,  and  by  the  adjustment  of  excretion  both  the  blood  and 
the  tissuefl  steadfastly  retain  their  normal  percentage  f]f  water. 
A  meiaocholic  took  7  litres  of  water  a  day  "  to  purify  hia  bloodp" 
and  yet  the  percentage  ol  haemoglobin  in  his  blood  remained 
unaltered.  The  energy  spent  on  excreting  water  must  be  very 
little,  since  neither  the  TO^  output  of  a  fasting  cat  was  found 
increased  by  giving  it  much  water,  nor  was  the  0^  intake  of  a 
child  in£uenced  by  an  attack  of  diabetes  insipidus  during  which 
Bhe  drank  8  htree  of  water  a  day.* 

The  taking  of  water  with  food  neither  alowa  digestion  nor 
hinders  absorption.  Wnter  doea  not  appear  to  be  absorbed  by 
tlie  Btoniaeh.  and  escapes  into  the  intestine  at  the  rat^  of  ahonb' 
one  pint  in  three-quarters  of  an  hour.  The  nature  of  the  diet 
inHuences  the  amount  of  water  taken,  for  proteid  food  ocoasions 
diuresis-  Thus  with  a  diet  of  500  grm.  moat  and  200  gnn. 
starch,  650  grm.  of  water  were  takenn  while  with  a  diet  of  1500 
grm.  uieirt^  IS^I^  grm.  of  water  were  taken.  Pesciiel.  seeking  to 
accustom  himself  to  a  very  low  proteid  diet,  found  he  diimnished 
his  water  intake  from  J300  to  620  c.c. 

The  taking  of  largo  amounts  ot  water  provokes  diuresis  and 
increases  the  H"^  output-  Exact  observation  conducted  for  24  days 
on  man  shows  tliat  the  water  only  waahea  out  the  urea  stored  in 
the  tissues,  and  does  not  provoke  increased  destruction  of  tissue 
proteid.     This  inHnence  is  the  greater,  the  greater  the  concentra- 


^  TLieta  it  poaaiblr  an  error  in  tliis  ubaQmLtiDn.  for  tba  Harmijig  gE  this 
aojount  ol  water  from  12°  C-  to  bculy  lemjierutiirc  mii»t  iisvt  roquired  ZOO  Cal., 
which  was  13  per  cent,  ol  tUo  toUil  woriJi  in  Calories  nt  ihe  diet  taken  by  The 
child  {ma  Noorden). 
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tion  difference  between  blood  and  tiBBues  brought  about  by  the 
taking  of  wattr.  LcsBciiing  tlxc  wftt(;f  intake  may  leBsen  tke  N,  out- 
put by  hinilervng  the  digenion  and  absorption  of  proteid  food.  On 
the  other  band,  an  nbiiorma!  concentration  of  the  bkjod  and  tissuBB 
increases  tlie  breaking  down  of  tiaaue  proteid  and  the  N„  output.  _ 
Of  the  total  amount  of  water  which  the  body  takes  up  partly 
in  th.e  form  of  drink,  partly  in  food,  and  partly  ttirough  the 
Dxidatior  of  the  hydrogen  in  the  food,  only  a  very  small  part  is 
removed  In  the  fieces.  The  amoufit  givt^n  out  by  th«  kidneys 
varies  with  tliat  taken  in  the;  food  and  drink,  and  according  to 
the  amount  traiupircd  from  the  akin  and  lungs,  and  so  i^  a  very 
variable  quantity-  The  amount  transpired  by  the  ekin  and  lungs 
is  leas  influenced  by  the  uptake  in  the  food  than  by  muscular 
activity  and  the  temperature  of  the  air.  Atwater  finds  that  in 
work  ejcperiments  two  to  three,  or  even  four  times  more  water  is 
given  out  than  in  rest^  This  more  than  compcnaatca  the  tncreaaed 
uptake  in  food  and  drink,  and  thus  le^  water  la  excreted  in  the 
urine.  The  sweat  in  hard  work  may  carry  away  as  much  as  12 
per  cent,  of  the  total  nitrogen  excreted  (2S5  mg.  N,  per  litre, 
Zontfi  and  Schumbeig). 
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The  work  done  in  these  experiments  was  driving  a  bicycle 
wheel  against  friction. 

In  the  rest  ejcperiments  the  amount  of  water  given  off  by  the 
akin  and  lunge  was  approximately  the  same  during  the  day  and 
night,  but  was  Idaat  in  t)ie  second  part  of  the  night  when  the  effect 
of  complete  rpHt  was  greatest.  In  tlie  work  experiments  the  out- 
put per  hour  was  &&  follows : — 
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Ttrns  the  increased  output  takea  place  dnring  the  working 

period. 

Atwater  cabulabes  that  if  the  whole  cjf  the  water,  deiived  fioin 
the  ojdd&tion  oE  hj-drogenm  the  food  nietaboliacd,  were  givcD  out 
from  the  lungs  and  akm  it  could  not  equal  more  th&n  ^  of  the 
water  giveo  out  during  rest,  and  J  of  that  given  out  during  work. 

The  water  giveLi  out  as  sweat  can  he  calculated  if  th^  carbon 
and  water  loss  from  the  lunga  and  oxygen  uptake  ia  found  hj 
analyaift,  and  the  iosa  of  body  weight  determined.  The  UiiTerenee 
between  these  two  lossea  ie  the  sweat,  supposing  neither  urine  nor 
faeces  are  passed  and  no  food  taken, 

Rtibner  ntes^ureil  the  Iosa  of  watar  from  the  lungs  and  found 
it  to  be  17  grm.  per  hr.  during  rest,  23  grm.  on  reading  aloud, 
aud  :J4  grm.  on  singing. 

Tbe  relative  humidity  and  the  movement  of  the  atmos- 
phere have  a  most  important  relation  to  the  evaporation  of  the 
ttweftt  aTid  the  regulation  of  body  temperature. 

The  meanfl  of  heat  regulation  depend  en  the  rate  of  heat 
production  and  heat  lobs.  Tiie  formf-r  ia  the  ehemical  and  the 
latter  tbe  physical  method  of  regulation.  The  rate  of  toss 
depends,  firstly,  on  conduction  and  conveetion,  and  this  depends 
on  tbe  relative  ten^perature  and  conductivity  of  the  surfafie 
of  the  body,  and  of  the  aubstance  with  which  it  is  in  contact, 
and  in  the  case  of  air  on  the  rate  ol  its  moUon,  i.t.  winda, 
draughts.  The  rale  of  heat  lose  is  proportional  to  the  aq.  rt- 
of  the  veloeity  of  the  wind  (Schuckmann),  Tbe  velocity  of  the 
wind  round  houses  in  towns  is  rarely  more  than  10  per  cent-  of 
that  in  the  open,  Tbe  wind,  by  cooling  the  skin,  incrcaaefl  the. 
rate  of  mctaboLiem  and  promotes  the  growth  of  subcutancoua 
fat — the  natural  garment  of  tbe  body.  Coddling  over  fljres  in 
hot  rooma  and  avoidance  of  cold  and  wind  has  the  opposite 
etiect — enfeeblefi  the  heat'regulating  mechanism,  luwera  the  rats' 
of  metaboham,  and  lessens  the  power  of  resisting  the  invasion  of 
the  tubercle  bacillus.  Secondly,  the  rate  of  loss  depends  on 
radiation,  and  this  in  its  turn  upon  the  specifie  radiating  power 
of  the  surface  of  the  body,  and  upon  the  difference  in  temperature 
between  the  latter  and  surrounding  objects.  Tbirdlj',  tm  evapora- 
tioUj  which  depends  on  the  amount  of  sweat  evaporated,  and 
upon  the  relative  humidity  of  the  air  and  the  rate  of  ita 
movement.     The  evaporation  of  1  grm.  H^O  at  body  temperature 
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requiiee  about  0-55D  CaU  beat.  Fourtlily,  on  the  heat  loat  in 
the  excreta,  an  amount  which  ia  inBigtiificaiit  in  ooinpariaon. 

The  heat  loss,  theti^  depends  on  two  sets  of  conditions:  {1)  the 
external  coiRliLJoiia — tiie  teirifierttture,  relative  dryness^  and  move- 
ment of  the  airl;  (2)  the  internal  conditions  of  the  body,  controlled 
by  the  vaeo-motor  and  sweat  nerves. 

Since  all  the  energy  spent  in  the  internal  work  of  the  body 
finally  beootnes  beat,Ulie  dctennination  cf  the  total  heat  produced 
by  tbe  fasting  animal,  in  the  state  of  reat,  either  directly  in  a 
calorimeter  or  by  computation  from  the  amount  and  kind  of 
matter  mctaboLsed,  gives  ua  a  measure  of  the  total  energy  of 
thia  internal  work.  It  ia  found  to  bo  relatively  constant*  for 
the  faeting  animal  adjusta  itself  to  the  miTiitrmm  metabolism 
necea.*^ary  for  the  Tnainlenance  of  the  action  of  the  heart,  respira- 
tory muflclea^  i&c.,  and  of  the  body  heat.     Thua— 
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Since  the  animal  is  constaotly  produi^ing  heat,  it  must  be  able 
to  give  oS  heat  at  the  aame  average  rate,  for  if  not,  the  heat 
produced  in  one  day  would  raise  the  body  to  a  temperature  at 
which  bioplaam  ia  destroyed^  Moreover,  since  the  external  con- 
ditions are  suhjet^t  to  frecjuent  and  sudden  changes,  the  balance 
between  heat  production  and  heat  Io^b  nmst  be  capable  of  prompt 
adjuatnient.  This  adjustment  ie,  however,  possible  only  within 
narrow  limits.  With  the  riae  o£  external  temperature  a  point  is 
reached  at  which  the  animal  is  unable  to  lose  heat  as  fast  as  it  is 
produced,  and  with  tbe  fall  of  temperature  a  point  ia  reached  at 
which  the  ftreateat  amoimt  of  melab^liam  cannot  balanoe  the  beat 
loas^  The  extent  of  this  thermic  rauge  varies  for  different  animals, 
and  in  any  given  animal  can  alter  with  changes  in  ita  surface,  auch 
as  in  the  thickness  of  its  suromer  and  winter  coata,  in  its  colour,  &c. 
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The  quantity  of  heat  furnished  bj  an  animal  in  a  given  time 
dejienJa  on  the  coertioipnt  of  coaling,  and  this  depends  not  nnJy 
on  the  Wm,  but  on  the  surfiice  of  T-lie  bo<3y.  om  is  aten  in  ealori- 
metric  experimeata  where  the  bod.7  Is  varnished  or  covered  with 
oil  or  glycerine.  The  varniahed  aurtace  loses  heat  bo  rapidJy  that 
the  animal  dies  from  cooling.  Similarly  the  relative  dryness  or 
moiflture  of  the  aldn  can  modify  the  coefficient  of  cooling. 
So,  too,  the  colour,  for  white  rabbiba  loae  only  75  per  cent,  of 
the  heat  lost  by  black  or  grey.  The  ioss  of  beat  before  and 
after  shaving  off  the  fur  of  a  rabbit  is  as  tOO  to  151)-ltiil  (Eichet, 
Laulanie). 

Sheep  h&tttvB  ahe&nn^  eicreled  7IP'6  grm.       193SI  grra, 
„      after  „  f,         72D-I  grm.         431  grm, 

UftD  modiHes  his  heat  loss  hy  clothing,  shelter,  arti^cial  heat, 
and  so  e:xtenda  hia  adaptation  to  wider  hmits  of  climate. 

Clothes  Eosscn  the  heat  loss  47  perccntn  (Rubncr).  D'Araonval 
found  a  74  kg.  man  at  IS"  C. 

Loab    79  OaJ.  per  hoar  clothed  J 

,,      124      „  „         nftted.  ] 

Clothea  are  formed  of  subatancea  of  feeble  conductivity  and 
entangle  air  in  the  mesh.  If  the  conductivity  of  silver  be  taken 
a9  49:*,  that  of  wool  or  cotton  relatively  is  0-04,  and  of  air  0000288. 
The  power  of  clothea  to  imbibe  sweat  modifies  their  worth,  as 
water  is  a  fur  better  conductor  than  air.  Wliite  is  a  feeble 
absorbent  of  radiant  heat,  and  thus  is  chosen  for  tropical  climates- 
In  the  night,  on  the  other  hand,  white  loses  less  body  heati  and 
is  thus  warmer  than  black. 

The  loss  of  beat  from  an  animal  is  not  as  simple  as  that 
from  the  surface  of  a  nie1,al  vessel  of  water,  for  the  deept?r  parta 
of  the  body  where  the  temperature  is  constant  are  separated  from 
tbe  air  by  layers  of  fat,  skin,  fur,  or  feathers.  Thus  the  peripheral 
temperature  differs  notably  from  that  of  the  centra!  parts.  Fat 
has  about  half  thrt  conduutivity  of  muacle  for  heat.  The 
diathermancy  ^f  white  skin  is  twice  that  of  black  akin.  Thufl 
bis  black  skin  protects  the  deeper  tissues  of  the  negro  from  the 
sun's  rays  (P.  Schm  dt). 

The  water  excreted  per  kg.  of  lwx]y  weight  13  about  the  same 
In   email    and   large   animals.     The   relative  amount   of  heat  lost 
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by  evaporation  of  water  is  thus  greater  in  large  than  in  amall 
animab.  In  the  latter  the  loae  by  radiation  and  conduction  is 
relatively  greater-     Thus  loss  of  heat  is  eatimated  to  be  in 
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The  small  animals,  owing  to  their  great  aurface  exposore,  not  only 
do  not  need  to  sweat,  but  have  to  live  at  a  fast  rate  to  maintain 
their  body  heat.  Oa  the  other  hand,  large  animals  must  sweat 
dming  esercise  to  keep  the  great  bulk  of  their  bodies  at  normal 
temperature,  so  lessened  in  tbem  is  the  surface  exposure  in 
proportion  to  the  body  mass.^ 

The  rate  of  metabolism  of  animals  is  in  proportion  to  the 
relative  surface  exposures  of  their  bodies- 
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The  same  proportion  has  been  found  to  hold  good  in  com- 
paring men  with  children  and  dwarfs- 

In  solids  of  the  same  shape  the  surface  is  proportional 
to  §  power  of  the  volume  S  =  AVi^  k  being  a  constant  de- 
termined for  any  given  form.  The  weight  can  be  put  for 
volume,  and  then  B=kWK  For  man  i^I2-9,  dog  11-2, 
rabbit  12"9,  guinea-pig  8-89,  rat  9"13.  The  formula  is  only 
approximately  correct,  for  animals  are  not  of  the  same  geometric 
figure  and  vary  in  specific  gravity  with  the  amount  of  body  fat 

'  A  dog  loses  water  by  opfinmg  tbe  moath  aad  haoging  out  the  tongue. 


238 


EFFECT  OF  HUMIDITY  OF  AIR 


and  contents  of  the  inteatinoa.  Whether  the  relation  of  leat 
productioD  to  antface  holds  good  in  comparing  animals  of  different 
spef;iea  is  a  matter  of  controversy. 


Thb  Effect  of  Humidity  of  the  Ara  on  Heat  Loss 

Rubner  has  studied  the  effect  of  altering  (t)  the  humidity 
of  the  air  with  constant  temperature ;  (2)  the  temperature  with 
constant  humidity. 

The  effect  on  the  dog  of  altering  the  relative  dryness  of  the 
ail  with  constant  temperature  is  eeen  in  the  following  table. 


Temn, 

ucB  l>f  Air. 

Water  Ontpnt 

por  K^, 

imr  Dloa. 

n 

pBTCmt 
VO'9 

67-2 

16-1 
fi-2 

*0-I 
S'Et 

19-6 

The  water  output  thus  varies  inversely  as  the  humidity  of 
the  air,*  and  may  be  reduced  75  per  cent,  in  i^el  air  without 
sign  of  disturbance,  ao  perfectly  ia  the  body  heat  adjusted  by 
other  means.  The  adjustment  lb  brought  about  by  nervous 
regulation,  and  its  perfection  is  well  illustrated  by  the  following 
observation.  A  faating  dog  with  a  daily  ex[jenditiire  of  250  Caloriea 
diminishpd  1th  water  output  by  53^  gnu.  when  tlie  relative 
wetness  of  the  air  increased  35  per  cent.  Now  the  evapora- 
tion of  this  quantity  of  water  requires  32  Calories.  Noverthelesa 
AS  no  noteworthy  change  occurred  in  heat  production — the 
nitrogen  and  carbon  output  remaiiiing  the  same — it  ifl  evident 
that  the  heat  loas  remaiued  undiminished.  A  compennatory 
increase  occurred  in  radiation  and  conduction.  Vaeo-dilatation 
took  the  place  of  evaporation.  The  actual  difference  in  heat 
production  which  resulted  from  varying  the  wetness  of  the  air 
35  per   cent,   was    not    equal    to    that  prwluced    by  altering   the 

1  IcL  marcbLng  Jicldicro  ZnnU  found  {DcrfAiicd  drjceiia  or  tlic  air  actUjiUr 
lesaened  the  magiiJit  <jE  cfci-iii  which  wa.s  produoed  per  1000  Caluriua  cf  onerg/ 
DUtpiit  owing  10  the  more  pvrFect  QTsporatioD  Trom  the  cloibei. 
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external  temperature  1"  C.  The  negative  reaalta  obtained  by 
Rubner  ilo  tiat  apply  to  small  auimals  like  mice,  J-  J,  R.  Macleod 
and  niyaelf  bare  found  tbat  air  saLurated  with  moisture  at  20^  G. 
iDcresaee  tbo  CO^  oatput  oF  mice.  In  ono  case  after  18  hours' 
ventilation  with  wet  siir  we  found  the  mouse  almost  dead  with 
a  rectal  temperature  ol  22,T  C.  It  recovered  in. a  current  of  dry 
warm  air.  So  long  aa  tbe  temperatorB  of  the  wet  chamber  was 
maintained  at  24-25°  C.  the  mouse  maintained  its  temperature 
by  increased  combustion.  At  20°  C.  the  compenaatopy  mcchaniam 
failed,  and  tbe  increased  heat  loBfl  over-passed  the  increased  beat 
production.  Tha  weight  of  the  mouse  fell  in  spite  of  the  large 
amount   of    f'Kn3    it   ponflumed,      Mi<^e   are^   of   course,   extremely 
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Fiti.  19.— Tbi!  EffDDt  of  ILaiaing  Lbo  Execrnal  Temperature  □□  the  Water 
Oatpat  and  Hi:a.t  ProductiOD,  Saturation  ^leficic  mdicaEuK  rnlatire  eaturatioa 
t>t  air  wiEh  moiature.     {Jiuintr.) 


auaceptible  to  cold,  but  prolonged  exposure  to  wet  cold  air 
mu^t  have  a  similar  though  far  less  marked  cSect  on  larger 
animala. 

To  determine  the  influence  of  wet  nir  on  radiation  and  conduc- 
tion, Rnbnec  constructed  an  air  calorimeter  aiirrounded  by  a  water- 
jacket  which  was  kept  at  a  constant  teniperature  of  about  20'  C. 
The  animal  was  placed  in  a  wire  cage  isolated  from  the  copper 
walls  of  the  chamber.  The  beat  given  out  by  the  animal  ex- 
panded the  air  in  the  air-jaeket,  and  this  affected  a  recording 
spirometer.  A  cop]>er  cylinder  placed  in  the  water-jacket,  and 
connected  with  n  second  spiroraetar,  recorded  any  cbangu  in  tiie 
temperature  of  the  water,  or  barometric  pressure-  The  rcadinga 
of  the  second  spirometer  were  used  to  correct  those  of  the  firet. 
The  temperature  of  the  incoming  and  cutgoiug  air  was  alao  re- 
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corded-  Ruboer  found  thet  if  100  Calories  were  lost  hy  radiatioa 
and  conduction  when  the  air  waa  drr,  107  would  be  lost  in  thia 
way  at  75  per  cent,  relative  drytieas^  IIG  at  50  per  cent,,  and  125 
at  25  per  cent.  In  other  worda,  1  per  cent-  increa-se  of  humidity 
raised  the  loss  by  radiation  arid  condm^tion  0  32  per  cent.  A  25 
per  cent,  increase  in  liumidity  equalled  in  effect  a  change  in  ex- 
ternal temperature  of  2°  C.  In  the  case  of  warmed  aii  (2o-30"  C.) 
the  evaporation  of  sweat  proved  to  be  a  factor  of  greater  moment, 
a  50  per  cent.  Inereaae  of  humidity  baviiLg  the  same  effect  as  an 
iucrease  in  temperature  of  G"  C.  A  temperature  equal  or  above 
that  of  the  body  cannot  be  tolerated  if  the  air  be  aatui&ted  with 
moiflture.  Tho  favourable  conditions  of  relative  dryness  of  the  air 
for  workera  are  at  18-20"  C,  60-40  percent,  relative  dryaeaa;  at 


ikDd  COi  Output  {/hibntri^ 


15"  Ch,  30  per  cent-  relative  dryness:  and  at  25-30'  C,  as  dry  aa 
poaaible;  at  25-30"  C\,  30-40  per  cent  relative  dryness  is  dis- 
tinctly uafttvourable  (Wolpert). 

To  fltudy  the  effect  of  varying  the  temperature  mider  conditions 
of  constont  humidity,  Kubner  constructed  a  choTnbcr  which  he 
surroiinded  with  a  water-jacket  and  kept  at  a  constant  temperature. 
The  urine  and  fsecea  of  the  animal  fell  into  a  vessel  of  rape-oil, 
and  sinking  to  the  bottom  did  not  influence  the  cutaneous  and 
respiratory  output  of  water  which  was  measured  in  the  ventilation 
air-  In  a  email  animal  such  as  the  guinea-pig  the  minimum  output 
of  wat^^r  occurred  at  15'  C,  At  lower  temperature,  in  spite  of 
the  greater  relative  saturation  of  the  aJr  with  moisture,  the  loaa 
of  water  increasiid — a  phyaiological  reaction  due  to  the  increaaed 
respiration  and  rate  of  metabolism  escited.  by  ttie  cold*  lu  larger 
animala  this  reaction  is  not  marked. 
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Thk  Cuncu.  TEvm^TTVK  of  as  As^dul 

At  ft  certam  tciDpeaiiir«,  whirl  k«s  been  aJM  the  "'mtioU 
tempentmrv^  th^  vaeahobaat  of  the  luting  fttiimftl  is  nunimftl, 
for  nun  it  15\  do^  20\  giiii>«-ptg  30-S5'  C.  Bekiw  this  pcAnt  the 
prodnctkn  of  beat  mrs  or  Uk  with  the  U]  or  mr  of  tempei^ure, 
and  the  legnktioii  of  the  body  heat  a  chiefly  l^ioa^t  About  by 
chemicml  meana.  Above  it  the  beat  j»t>dactioii  slightly  LDcreaaea, 
and  tbe  ngolatioo  d^>mds  moxtly  on  physical  means.  The 
increaBed  [HodoctiQii  is  to  be  explained  by  the  greater  activity 
of  the  vvacolar,  rc^Hiatory,  and  sodoiific  organs.  Above  a  oertain 
temperatiire  tbe  }om  by  ctxkdnction,  cofivection«  and  radiation 
diminish  to  such  an  extent  that  visil4e  sweating  appears,  and  at 
this  stage  the  heat  prodnction  becomea  further  increased.  In 
the  fasting  dog  Babner  fomid :— 


Total  Halt 

1 

LoHbr 

B«-C. 

*JaL 

CbL 

7-6 

83-5 

71-7 

118 

l5-<» 

63-0 

49-0 

14-0 

200 

'         53-5 

37-3 

16-3 

25-0 

1         54-2 

37-3 

16-9 

3O0 

56-2 

30-0 

£6-3 

The  metabolism  at  the  '^  critical  temperature  "  of  the  fasting  and 
resting  animal  ia  that  which  is  needful  for  the  performance  of  the 

various  functions  of  its  oigans,  and  the  heat  production  at  this 
temperature  indicates  the  amount  of  energy  which  must  be  con- 
sumed in  the  internal  work  of  the  body.  The  reactions  of  the  body 
under  changes  of  the  temperature  of  the  environment  can  be  com- 
pared  to  that  of  a  cook  in  regard  to  her  kitchen  Rre.  In  spring  just 
BO  much  fuel  is  used  as  is  necessary  for  cooking,  in  winter  more  fuel 
is  used,  while  in  summer  the  windows  are  opened,  and  if  veiy  hot 
the  walb  and  floor  may  be  sprayed  with  water  (Armsby).  Between 
20*  and  30'  the  heat  production  of  the  fasting  animal  remains 
practically  stationary^  and  tbe  regTilation  of  the  body  teriiperaturo 
becomes  dependent  on  the  increased  evaporation  of  water. 

Now  the  heat  production  can  be  greatly  and  suddenly  increased 
by  rich  feeding — even  to  the  extent  of   44  per  cent.  (Rubncr, 
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L&ulani^).  Tbo  food-stuffe  vary  in  this  reepcct,  the  effectivei 
of  proteid,  carbohydrate,  and  fat  being  as  20:10:7.  When  tliB 
external  temperature  is  high  even  a  moderatp  inereaae  m  diet  raises 
the  Leat  production,  and  tiie  body  tempL'ratare  must  tbeQ  be 
regulated  b^  a  corresponding  increase  in  the  water  outpnt. 

Thus  ia  guinea-pigs  while  at  0'  C.  the  consumption  of  food  did 
not  materiaUy  aflect  the  total  meubolism.  at  30*  C.  it  increaaed  it 
by  3tJ  per  cent.  At  30'  C.  the  water  output  of  a  fasting  dog  was 
increaaed  2  per  cent,  hy  feeding  100  gnn-  meat*  30  per  cent,  by 
200  grm^,  and  101  per  cent-  by  302  grm.  On  tte  other  hand,  auch 
a  diet  had  little  effect  on  the  dog  at  20'  or  T  C. 

Rubner  calculates  that  the  heat  lost  by  evaporation  by  a 
moderately  stout  man  on  a  hot  day  while  out  of  doors  may  be  at 
the  rate  of  3200  Calories  per  diera.  At  37"  C,  Wolpcrt  oWrved 
a  loaa  of  441  griQi  of  aweat  per  hr-  during  rest,  and  535  gnn. 
JuHng  work,  or  3  1,  in  six  hra.— a  great  ioas  for  a  man  with 
6-7  L  of  blood  in  bis  body- 

A  fat  man  obeerved  by  Wolpert  at  37*  C,  and  34  per  cent,  rela^ 
tive  drrnesa  of  atmoaphere  could  not  perform  a  alight  amount  of 
work  without  rise  of  body  temperature.  30'  C.  fleems  to  be  the 
limit  of  heat  which  fat  people  can  easily  endure. 

These  results  show  how  the  daoger  of  heat-strolce  ia  increasfid  by 
overfeeding  in  very  hot  moiat  days.  Under  conditions  of  high 
temperature  and  great  humidity,  the  production  of  beat  on  the 
ordinary  maintenance  ration  may  bo  bo  great  as  to  produce  patho- 
logical effects,  and  the  consumption  of  food  ia  then  inatinetively 
reduced  below  the  maintenance  requirement,  with  conae<iuent  loM 
of  body  weight. 

A  naSced  man  ejcposed  to  wind  (8  m.  per  aec.j  used  52  gnn.  0^ 
per  hr.  against  27  grm,  when  clothed.  The  effect  of  thb  wind  was 
greater  than  that  of  a  cold  bath  (Wolpertj. 


The  Effect  of  Fur  and  Clothes 

A  faflting  dog  after  shaving  atood  30"  C.  without  any  noteworthy 
increase  of  water  output,  for  lessened  beat  production  aided  by  radia- 
tion and  conduction  sufficed.  The  temperature  at  which  increased 
sweating  came  into  play  waa  by  this  raeana  raised  10'.  In  certain 
of  the  workings  of  Cornish  mines  the  temperature  may  reach  93"  F. 
owing  to  the  oxidative  proceaaea  which  occur  in  the  aoib  The  air  is 
also  aatorated   with  moisture.     The  men  can  work  at  80'  P.,  but 
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fcrettt  witli  caution  places  wtere,  the  temperature  reacliea  95°  F.  Tlie 
man  work  nude,  pour  with  sweat  and  drmk  enormoualy,  and  work 
so  leisurely  that  probably  an  hour  or  two  a  day  ia  the  teal  period 
of  active  work.  A  mine  inspector  who  entered  such  workings  in 
hi*  ordinary  flannel  clothea  quickly  reached  a  hi>dy  terapemture  of 
103"  F.  and  coiiJd  hardly  walk  for  breatlileaaaeas.  The  body 
temperature  slowly  ri^3  a3  the  re^atory  mechaniam  reaches  the 
end  of  its  tethor.  Thia  happens  at  88"  F.  in  an  atmoephore  satu- 
rated with  water  vapour  (HaUane].  Even  in  air  saturated  with 
moisture  iit  88"  F.,  evaporation  of  sweat  U  active  owing  to  the 
higher  temperature  of  the  skiji.  Thus  while  at  G2^  F.  1  c.  h.  of 
air  takca  up  L*' 13  grains  of  water,  at  GO'  F.  it  takes  up  5-77,  at  80'  F. 
10-98,  ot  yO"  F.  ll'So,  and  at  99"  F.  19-28.  The  working  efftciancy 
of  mines  and  Btoke-hcks  obviously  can  be  enoimously  increased 
by  the  ctrculalion  of  dry  air.  By  such  means  at  Pendleton  Mine 
work  is  done  at  93^'  F.  In  dry  air  a  man  can  tdt  for  some  minutes 
while  his  dinner  cooks  in  an  oven  beaide  him,  i.e.  ab  100"  C, 

Z^mtz  and  Schumhcrg  estimate  that  a  resting  soldier  weighing 
70  kg,  produces  1-2  - 13  Cal  per  min.,  white  marf^hing  with  a  load 
of  ol  kg,  he  produces  11'^  Cal,  per  min.  The  heat  thus  produced 
ia  sufficient  to  raise  tljt  body  1'  C-  in  87  min..  and  yet  the  Iramed 
soldier,  properly  clothed  and  loaded  in  a  auitable  manner,  shows 
but  a  alight  rise  at  temperature-^  The  importance  cannot  be  over- 
rated of  supplving  light,  poroja  clothing  to  the  soldier,  and  arranging 
his  load  ao  that  neither  the  reapiration  is  impeded  nor  the  balance 
of  hifl  body  disturbed-  Hitherto,  aays  Pembrey,  he  has  been 
'*  clothed  in  open  defiance  of  common  sense  and  physiological 
principles.  Hia  tunic  generally  iita  aa  tightly  aa  possible,  ia  made 
of  thick  material  and  ia  fastened  right  up  to  the  neck;  hia  waist  ia 
hampered  with  a  tight  belt  which  interferes  with  abdominal  breath- 
ing, and  other  straps  supporting  valise  and  haversack  atiU  further 
impede  the  movements  of  hia  limbs  and  body-"  His  efficiency  aa 
a  marching  mechanism  ia  thus  dcatroyed,  hia  body  bocomea  over- 
heated in  hot  daya  and  he  in  danger  of  sunstroke;  hia  heart  and 
respiration  fail  to  maintain  the  extra  demands  put  upon  them ; 
his  muscular  movements  are  not  carried  out  with  the  maximum 
economy. 

The  danger  of  catching  cold  from  damp  clothea  or  beda  ia 

^  The  aormol  reat»l  tcmp«mture  aftAr  exeroiae  on  li  wrtm  day  msij  b«  u 
mucb  Ai  IDl*  K-  The  mouth  ttm peril taie  cnaj  vnrj  ns  uiuch  db  Z'-i"  T.  from  the 
iBctK]«  owing  Lu  cooijjjg  of  lLh  iDOUtU  by  uei^hbourlng  tkiii  and  ilohi  (Fcmbrcf 
Knd  Haldiuje), 
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subject  of  common  inaistence.  How  the  damp  increases  the  con- 
ductivity ia  flhown  by  tlie  following  obaervatioii.  An  arm  clotlied 
in  dry  ilancel  and  eocloaed  in  a  calorimeter  lost  4'5  OaL  in  an 
hour;  whan  the  tSannel  wb8  wet  the  tosa  roao  to  22<7  CaL,  aa 
increase  of  344  per  cent. 

The  Japanpflp  liflve  especially  acquired  the  lilting  for  very 
bot  batbti.  But  tliey  eit  witk  head  and  most  parts  of  their 
limbs  out  of  the  water-  The  writer  found  a  Japaneac  gentleman 
stand  a  bath  of  -Uv"  C.  (114'  F.)  for  a  few  minutes  while  totally 
immersed  except  for  hia  head  and  neck.  His  body  temperature 
rose  to  395*  C.  t,  103'  F).  A  man  in  a  hot  bath  sweats  as  much 
as  in  hot  air,  as  may  be  determined  by  the  amounCj  of  wdiuiri 
chloride  he  adds  to  the  bath  (Spitta).  Prolonged  immeraion  in 
a  cold  bath  at  '2b'  C.  increases  the  0,-  nee  from  ^1  to  'S7  grni, 
per  hr.  (Zuiitz), 
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Iv!  the  aniravil  fata  are  found  in  nil  tb(«  oi'gaiiB  rdeI  tisBue,  and  this 
is  bo  haioTv   birtlif  ^o  fdt  is  a,  uoininl  tfit«u(i  conij^ummib,     T\ig  \Jbr- 
C4Mitag€  amount  in  each  tis^uo  i^^  bo^Gvcr,  no  vuriaV^lo  thiit  there 
is  little  profit  in  giving  figure.^.     In  the   heart  fi'eetl  from  cintiet:- 
tivfl  tts-^ito  fat  aDjtliiiix  up  to  16  per  ceut.  of  the  dry  matter  taa.y 
be  i'0gaix3eiJ  ns  nonniil — 1'2^1  3  giro,  fat  To  1  grin.  mtrog<.'n  (Rosen- 
fold) ;  in  the  omsclea  ay  to  4  per  cout.     There  are  throo  chief  fat 
depute — tlio    intni'iuut^culitr-,    the    abdomiiiHl,   nttd    the    subcuttiiooiis 
connective  tissues.     The  connective  ti^uti  cells  iLt»  the  outset  have 
na   particular  charncterf  bot;  as  the  globtiles  of  fiit  atrcuimdate  and 
C4UL|f>SL^e  witbiii  them,  they  eubir^e  until  their  [initupbisin   formt^  a 
tbia    envolopo  und    tbo  nucleus    'a^    puuhcd  to   one  Aidi*.      In    planta 
fiLts  Dccnr,  e.^ppf iaily  in  seed*^  and  fruits  ;  in  sama  cusm  tbey  are  found 
in  tLe  rootSn     The  fivt  of  onimata  coDaiBts  of  tieutraL  fata  with  bmall 
quautitie*   of   fjitty    acids.      The   neuttal    fats    are    esters    of    th© 
tribyJroxj'l  alcohuL  iiilyceriue  nitb  the  muni>ba,sic  fatly  ucidis     Three 
hydrogen  atomfl  of  tb&  hyilro^yl  groups  of  the  glyceiine  are  replace 
Ly  a  rodiL'ol  of  fatLy  Jkcid  f  jruilng  a  triglyceride,  O^H^Oj^U^.     Auim&L 
fat  ohiedy  oouBiabs  oE  bbe  esters  oF  stearic,  palmitic,  and  oleic  acids. 
In  addition,  therw  are  Bmall  quantities  of  e?iteiTi  of  nume  othur   fatty 
aciJs — espodiilly    myi'ialiic.       In    milk   there    aho    occur   glyuerldea 
of  volatile  fiUty  ncids^ butyric,  cnproic,  cnprylic,  Aiv     In  plants  other 
Eatty  acids  are  somctimofl  richly  present,  eiitb  aa  oruoic  in  colia  oil, 
linolic  in  linHeed-oil ,  etc, ;  oxy- fatty  acids,  and  w»x?4or  aloubols  of  high 
molecular  atructuie,  are  nho  found  in  many  plniit^  and  may  oct-iir  iu 
small  amounte  in  animal  fate.     The  averrLgo  i^lementary  cempogiUon 
of  animal  fat-  \s  :  C,  75'5  ;  H,  120  ;  0,  1 1  '5,     In  difftiv  ut  animal^  ariJ 
even  in  ditferent  parts  of  tho  body  of  tbu  same  animal^  the  fat  ha^  a 
different   con-Jj^tenL-ti       The   meire   solid   fat    c'untuiiiN    a  greater   pro- 
portion of  stearin  and  palmitin,  the  more  flvtid,  a  greater  proportion 
of  olein.     The  latipr  kind  of  fat  eiitf.tB  in  t-old-blooiled  animals,  so 
that  tlieir  fnt  rentaiod   Hoft  at  ordinary  temptrrrhtiircd,      llLitaan  fat 
contains  G7-80  per  cent,   olein.      Olein  :t  the  sokent  of   the  other 
fata,  and   the  melting-point  of  a  f>it  depends  on  the  piuiKii-tionate 
composition  of  tbemixtiire.  Stearin,  C5llj(U,5Hj|^Oj)g,  melts  at  B5"-7r. 
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melts  ftt  -  S'.  The  neutral  fats  are  colourless  or  yollowish^  und 
in  the  pure  state  are  without  Krnell  op  tnsi"-e.  They  Eire  lighter  than 
watrer  and  inagluble  in  it>  Sulablo  in  boiling  alcohol^  ihey  separiLte 
out  on  cooling  and  gaoeraJly  in  tlia  crjetnllino  form.  They  art 
oi^iible  in  eblier^  beucoi,  and  cbloroForm ;  form  emulaioua  witb  gum  or 
egg  white,  .ttid  very  Uaiing  fine  emulKions  with  soap  solutioua.  They 
are  not  vulitiile,  Ixjil  at  itboiib  ^00*  C.^  iiiiJergoiag  pLU-tiiJ  deuompasi- 
tion,  Qud  burn  wltb  a  luminoi^u  smoky  Qamo.  Neutral  Fate  on  b^mg 
strongly  he^t^ed  yield  t.he  powerfully  smelling  vapoui's  ol  acrolein. 

C,H,(OH),-2H,0--C3H,a 

On  hydration  by  the  Upaae  of  the  pttacraaa,  or  by  similar  ouj;ymea 
ohtainad  from  other  animal  orgatk^^  or  from  plants,  or  byat^am,  the  fats 
undergo  dccomjiosiiiioi]  a-a  represented  by  the  equabiou  CgH^(OR)^ 
+  3H,,0-ChH5(OH)j  +  3HOR.  On  boiling  fat  with  a  nottoolconcen- 
trated  Holutirjn  of  pntish,  or  better,  an  rilcobolic  soluUcti  of  potash, 
it  decom[H^30d  with  the  formation  of  soapa.  Fat  on  becoming 
rancid  decMmposaa  into  fatty  aciil  and  glycerine,  the  fatty  acids  aro 
subsequently  oxidised  to  lower  volatile  fatty  a<:ii:la  witih  uupleasanb 
odoara.  Air  h.ui1  light  can  bHng  about  this  change  even  in  the 
absence  cf  mioi-o-organiamn.  which  are  the  uaual  cuuse.  All  com- 
merciul  iu-ts  aontnin  fatty  acida. 

To  determine  the  existence  of  fat,  the  tiHs^ie  in  queattoa  is 
ejctracted  vdth  other,  the  ether  evaporated  qS,  and  some  of  the 
ranidue  tested  For  nautnil  fat  by  the  ncrolpin  te^^t-  Another  part 
of  the  lesidue  is  dis!*olvod  in  a  neutral  alcohol-etLei  mixture  which 
hau  been  r^adEu-ed  faintly  alkaline  and  coloured  with  pheooUpbthaleiD. 
If  bha  twX  colour  disajjpeara,  fatty  acid  is  prosgnt.  The  fatty  acid 
oatx  bo  fiaponi£ed  by  a  hot  solution  of  alcoholic  potash.  After 
saponifioitiion  water  and  nther  inm  Im  adrlwil,  and  tha  ntiuiml  fat 
disaolved  in  tbo  other,  and  florae  of  the  soap  in  the  water.  The 
soap-water  can  he  decomposed  by  mineral  acid,  and  then  an  oily 
layer  oF  Fatty  acid  will  HoiLt  out. 

In  the  quantitative  e^tiimiLtion  of  fat  nhe  ti^^ue  mu^t  be  dried 
and  ground  down  to  the  finest  de^Tce,  and  even  then  ether  will 
not  extract  the  whole  of  the  fat.  Pfluger  and  Dormeyer  digest  with 
pepsin  and  HGl  before  uxtrartion,  whilti  RiHuufeld  boil?  the  Hub- 
atance  in  abobol  for  30',  cxtr&ctti  with  chloroform  6  hoariitj  and  then 
repeat*  holnh  pmcesHes-  The  residues  of  the  alcuhul  and  (ihhiroforra 
extracts  ai^j  taken  up  with  othttr  and  tin^lly  weighed.  This  method 
givG9  40  per  cent,  mnrn  than  the  method  oF  Dormeyor.  The  boiling 
alcohol,  however,  render:^  uitrogenoua  matter  beaidee  the  fat  of  the 
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IJHsue  soKibk  in  etber,  na  is  sliown  by  tie  fttct  tbat  on  wtponlfica- 
tion  tie  extmct  jielda  onlj'  about  GO -S5  per  oont.  of  its  weight 
Ba  iust>lul>lu  fatty  acils,  while  jjuie  nniciftJ  fat  yiehls  90  prr 
nent.  Ulibio  extracta  with  petrol-ether  Tor  48  houra,  and  removefl 
louithin  \9y  aceUrne,  in  which  II  ia  insohible.  This  method  ei- 
trautrt  Tflry  littlo  xiifcrogeuourt  mattBr,  The  foUowiog  aro  obemioftl 
pruce.4!!«e4  whit^fa  are  of  vnlue  in  invaatigntiorts  into  the  DAture  of 
fuba:— 

(1)  The  aoid  number,  which  indicates  the  amount  of  free  fatty 

field.      Ths   nlcghol- ether    extract   of    the    f&t   is   titrated   vith    ^r. 

ulcidu^lic^  [h>L]ir^h.  phenul-phr^h^tU^iL  be[ri;[^  wsknX  as  iudiciLtor. 

(2)  The  r^^yionilicatien  number,  which  iudicdtoa  ho^'  many  milli- 
grams   of    KHO   became  combined   with   a   f^tty  acid    on   treating 

1  grm.  of  the  fat  with  —  alcoholic  potaiih  Ewlution. 

(3)  The  Reidiertp-Mei^al  number,  which  givKH  the  amount  of 
i^oLktUe  falty  acide.  5  ^rm>  of  the  laX  arc  Bapcnifiud  and  tbea  acidi- 
fied with  H^SUj  and  distilled.  The  vuhitilB  fatty  acida  are  cuugLt 
in  ^itandard  alkali. 

(4)  The  iodine  numbar,  which  gi^ea  the  amount  of  iodine  which 
ft  weighed  amount  of  fat  will  tek©  up.  It  mainly  indicates  the 
eonteut  of  fat  in  unsaturated  fatty  acid,  t-e.  olein. 


The  Digestion  of  Fat 

Fat  uDdergoeB  no  change  in  the  mouth.  In  the  stcnuich  the 
taking  of  fat  tends  to  inliibit  the  aecretlon  of  gastnc  juice 
(Pftwlow).  Neut.ral  fats  introduced  as  oil  or  fat  into  the  stomach 
of  a  nian  acarcelj"  autior  any  chatige,  and  yield  after  some  hours 
only  1-2-7  per  cent,  free  fatty  acid-  On  the  other  hand,  finely 
emubified  fata  are  aplit  to  a  very  large  extent.  Thus  egg  yolk 
removed  from  the  stJimach  after  1-4  hrs.  was  found  to  be  very 
strongly  acid,  and  fipUt  to  the  extent  of  78  per  cent,  intc  fatty  acid 
(Volhard).  The  finer  the  emul^on  the  more  intimate  the  mixture 
and  the  greater  the  action  of  the  gastric  Upase.  In  new-born 
babies  this  lipase  mm^t  play  an  important  part,  since  milk  is  a  fine 
emulsion  of  fat  and  the  pancreatiV^  juice  ia  inactive  at  thia  early 
age.  Such  asaimilatiou  of  fat  aa  takes  place  after  the  eJtlirpatEon  of 
tlic  pancreaa  depends  largely  on  the  action  of  tbe  gastric  Upase,  and 
tbu6  tbe  abaorpdon  ia  found  to  be  much  greater  when  mJlk  or  finely 
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emulailied  fat  ib  hivco.  Over-acidity  of  the  gBBtric  juice  lowers  the 
action  of  this  lipase.  The  ferment  ctiii  be  extracted  from  thft 
mm',(i3«  by  glycerine,  und  ia  then  v^ry  susceptible  t«  tht-  action  of 
alkali.  This  suaceptihihty  is  not  observed  in  the  case  of  gaatrio 
juicOj  80  that  probably  a  EjTuogen  exjats  in  one  case  and  the 
enzyme  in  the  other.  As  in  the  coae  of  other  ferraentfl,  tho  pro- 
ducts of  its  action  are  in  proportion  to  the  square  root  of  the 
amount  of  enzyme  present,  and  of  the  length  of  the  period  of 
reaction.       The  bile  contains  no  hpaae. 

In  1834  Ebcrle  recogniaed  that  pancreatic  juioc  had  the  power 
of  emulaifj'irg  fat.  C\.  Bernard  discovered  that  it  set  up  an 
apid  reaction  in  fat,  and  Bertbelot  at  Bernard's  request  tested 
the  action  of  the  juice  both  upon  mono-butyrin  and  on  neutral 
fat-  In  both  cases  lie  obtained  fatty  acids.  Many  later  workera 
faded  to  obtain  results  ounng  to  the  acnaitiveneaa  of  the  ferment- 
which  renders  manipulation  difficult.  It  is  soluble  neither  in 
water  nor  in  glycerine,  so  either  pancreatic  juice  or  tmnoed  gland 
muat  be  used.  With  either  oi  these  it  is  easy  to  obtain 
rapid  decompositicn  of  either  fluid  or  aoHd  fata.  The  ferment 
works  beet  in  weak  alkali ;  it  is  harmed  either  by  strong  alkali 
or  acid,  A  mixture  of  bile  and  pancreatic  juice  will  split  3j 
times  more  fat  than  the  juice  alom-  Macerated  pig's  pancreas 
split  no  lesa  than  864  per  cent,  of  the  fat  of  mdk  in  24 
hours  [Fr.  Mtlller),  The  modern  riew  of  fat  absorption  in  that 
no  neutral  fat  is  abaorbed,  but  all  split  and  brought  into  com- 
plete solution.  The  pancreatic  hpase  is  sufficiently  powerful  to 
effect  the  det'omposition. 

Pawlow  determined  that  taking  of  fat  excites  the  secretion 
of  pancreatic  juice,  and  increases  the  amount  of  lipase  Ja  the 
juice.  Thue  the  first  two  houra  after  the  taking  of  mdk  a  juice 
relatively  rich  in  lipase  is  secreted,  while  if  fat-free  milk  be  fed 
an  equal  volume  of  juice  is  secreted,  but  the  amDunt  of  lipase  is 
markedly  lessened.  No  lipase  has  been  obtained  either  from  the 
mucosa  of  thfs  inteatiDe  or  from  the  chyle.  By  the  action  of  tho 
gastric  and  pancreatic  lipases  the  neutral  fat  la  split  into  glycerine 
and  fatty  acids.  Some  of  the  latter  unite  with  the  alkali  of  the 
pancreatic  and  intestinal  jiuce  and  ffirm  soaps.  The  fatty  acids 
are  entirely  insoluble  in  water,  while  tlie  sodium  aoaps  arc  only 
slightly  sol  lib  b. 

The    bile    has    a    dual    function   aa    a   eolvent.       Firstly,   it 
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acta  &B  a  Bolvent  for  lecithin  and  choleetorin,  and  go  aids  in 
the  excretion  of  these  otherwise  insoluble  bodioa.  Se(?ondly,  it 
4QtB  as  a  solvent  in  the  intestine  for  both  free  fatty  rtcids  and 
t0^>9,  conferring  th^ir  entire  solubility  on  the  former,  and  largely 
incrcaaing  the  aolnbilit;r  oF  the  loiter  (Moore).  The  solvent 
properties  of  the  bile  are  chiefly  due  to  the  bile  salta,  but  in  the 
caae  of  the  fatty  adds  and  soaps  the  amount  dissolved  is  greatly 
int-ireased  by  the  siinultaneouB  presence  of  lecithin.  As  the 
Bupreine  function  of  the  bile  salts  is  to  render  the  fatty  acids  and 
Boaps  soluble  and  fit  for  absorption,  the  utility  of  the  reabaorption 
of  these  salts — in  other  words,  the  circulation  of  thu  bile  salts^ 
obvious.    Lecithin  and  cholesCerin  become   precipitated  when 
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the  bile  salts  are  reabsorbed.  Cholesterin  possessPrS  a  very 
solubility  even  in  bile,  hence  gall'fltones  are  frequeiilly  formed  of 
thia  substance,  Thew  important  discoveries  ahow  why  it  ia  the 
fat-absorbing  power  of  tbe  intestine  is  most  seriously  imfairad 
either  by  abssrice  of  the  bile  or  pancreatic  juice-  In  the  absence 
of  the  juice  the  uneniulsifieil  fata  are  not  broken  up,  till  they 
reach  fbe  aetlon  of  bauteiia  in  the  lar^  inteatine,  and  then  it  is 
too  late,  for  the  solvent  bile  salts  have  been  mostly  absorbed-  On 
tbo  other  hacd,  m  the  absence  of  the  bile  the  fats  are  apht  by 
the  juice,  but  the  fatty  acida  aod  aoaps  are  not  brought  into 
solution. 


Absorption 

From  the  intestine  at  the  height  of  digestion  of  a  fatty 
meal  there  are  absorbed  fatty  acids  and  aoaps  dissolved  m  the 
bile  and  glycerine.  On  the  other  hand,  in  the  thoracic  duct 
90—95  per  cent-  of  the  fat  is  in  the  form  of  neutral  fat.  Thus 
somewhere,  either  in  the  cells  of  the  intestinal  mucosa  or  in  the 
lymphoid  tiasue,  lymph,  tJje  synthesis  of  neutral  fat,  nmat  be 
brought  about.  Ia  it  ejected  by  an  intracellular  eiiiyme,  or  is 
it  B  process  which  the  hving  cell  protoplasm  effects,  acting  as 
an  energy  transformcj' ?  The-iie  are  the  i^uestions  which  Moore 
haa  recently  answered.  He  collected  the  chyle  by  prickiug  the 
milh'whito  Lacteals  of  a  dog  after  a  mcai  rich  in  fats,  taking 
up  the  drops  in  capillary  tubes.  The  tubes  were  weighed,  and 
then  placed  in  a  test-tube  of  ether.     After  extraction  of  the  fat 
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ftnd  washing  of  the  tubes  with  ether,  the  tubes  were  dried  and 
reweiglied.  Thus  the  weight  of  the  chyle  waa  obtained.  The 
ether  was  pvaporated   from  tlii*  extrntt,  the  dry  fat  dissolved  in 

hot  alcohol,  and  titrated  with  -     NaOH,  phenol-phthalein  bebg 

used  aa  on  indicator.  From  this  was  calculated  the  amount  of 
fatty  acid.  The  neutral  alcoholic  solution  thus  obtained  was  next 
evaporated   ahuust   to   dryuej^,  a   meaaured   volume  of   btauJurd 

alcoholic  potash  (  ^^  addecl,  and  the  mixture  boiled  for  SO-Sff  in 

a  flask  fitted  with  a  leflur  tube.     The  eontents  were  theti  ueutra^ 

N 
lieed  with  ^  HCI,  and  the  difference  between  the  amount  of  acid 

required  to  do  thif!,  and  that  ueceasaiy  to  neutralise  an  equal 
voluiDc  oi  alcoholic  potash^  gave  the  datum  for  calculating  the 
amount  of  neutral  fat  which  bad  been  sapotiitied  by  the  alkali, 
The  following  is  an  example  of  the  results  obtained  : — 

Woii^ht  of  lymph  -     1'8712  grm. 

Weight  of  ether  extpuct  =  01450  grm. 
Weight  of  fatty  acid  =  00042  grm. 
Weight  of  neiitpftl  fat  =  01 326  grm. 
Per  cent,  of  neutral  fat   =  95^9 

Theee  experiments  of  Moore  prove  that  the  s^ntheBis  takca 
^laoe  in  the  inteatiTial  mucosa. 

C-  A-  Ewald  submitted  soap  and  ^]3^enuQ  to  the  action  of  the 
fresh  minced  mucoadj  and  thought  that  he  obtained  evidence  of  a 
synthesis  of  neutrul  fat.  Hamburger  eoniirmed  tills  result,  uang 
the  mucosa  of  the  large  intestine, 

Moore  haa  repeated  these  experiments,  and  found  that  the 
poaifcive  results  of  these  authors  were  due  to  faulty  methods  of 
analysis.  Aiter  collection  of  the  chyle  Moore  removed  the  in- 
testine, cut  it  ofien  and  washed  it^  and  then  scrawled  off  the 
mucosa  on  a  gla^  plate.  He  found  neither  the  cell-free  e^ctracta 
nor  the  detached  cella  of  the  mucosa  capable  of  syntheaislng 
neutral  late.  Weighing  a  portion  of  the  mucoaa,  he  then  ex- 
tracted it  with  alcohol  (one  part)  and  ether  (three  parts),  and 
then  with  ether  alone.  The  solvents  were  decanted  off,  miied, 
and  evaporated  to  dryness,  the  dry  residue  extracted  with 
ether,  and  the  ether  extract  filtered  and  evaporated  to  drynoaa. 


ABSORPTION 


!di 


The  dry  residue  wao  weiglied  and  tlie  fatty  acid  and  fat  eatimated 
in  it.     Tile  reftulla  were  :  — 


(1)  81-3  ni-^utmlfAl 

(2)  fl*fi       .        . 


15-7  fatty  acid. 


Tbey  shewed  tbat  the  eyiitWia  \&  taking  place  in  the  mutxisa. 
and  that  this  is  ttt  any  momejit  incomplete. 

Moore 'a  coiickaion  ie  that  the  synthesia  of  ixBiilral  fab  takes 
place  in  the  tiving  cells  of  the  mucosa,  and  ia  not  brought  about 
by  enaymic  action.  It  is,  ho  saye^  thcorotically  highly  improhnblo 
that  the  lipase  should  in  the  inteatme  cause  almost  compbte 
cofiveraion  into  fatty  acid  and  glycerine,  and  within  the  coluumar 
cells  cause  a  complelo  reverttfl!  into  neutral  fat.  Suuli  a  reversal  ia 
the  function  not  of  an  cuajniti  but  of  the  hving  cell  wherein  there  13 
a  supply  of  external  energy  aud  meaiifi  for  its  trauaformatlon. 

The  absorption  of  fat  ia  motit  complete  wlien  a  fat-rith  diet 
is  pven.  The  taking  of  trartiohydrate  iltMa  nttt  interfere  with  the 
absorption  of  fat ;  but  lesa  proteid  la  absorbed  when  the  other  two 
food-atufb  are  given  than  when  proteid  \s  fed  alone,  Muscidar 
work  does  not  influenco  the  aaaimilation  of  fab  (Atwater). 

No  fat'flphtting  ferment  exists  in  chyle.  In  the  blood,  on  the 
other  hand,  Connstein  and  Mii-haehs  have  diacovered  that  fat  ia 
changed  ijito  au  eaaily  reveraible,  aoluble,  tiltrable,  and  Jialyaable 
form,  by  mcaos  of  which  change  it  is  transported  into  tho  tissuea, 
for  the  fat  droplets  which  enter  thti  blood  from  the  thoracic  duct 
cannot  wander  out  of  the  intact  capilhiries.  Counetein  and 
Michaehs  collected  the  chyle  of  a  fat^fed  dog  and  injectE:'d  it  into 
the  vein  of  another,  thereby  raising  the  fat  conteut  of  the  blood 
five-fold.  They  found  no  trace  of  fat  in  the  tissue  lymph  flowing 
from  the  thoracic  duct  of  this  animal,  but  tho  amount  of  dialys- 
able  material  in  the  lymph  increased,  at  the  aame  time  the  fat  in- 
troduced into  the  blood  steadily  diminiahed  in  amount.  Thus,  at 
3.10  P.M.  B5  c-c-  of  ohyle  were  iiijected  containing  G~L4j  grm,  fat. 


B]»4. 

Ljopli. 

At3.12p.u. 
„  3.20    „ 

»  4.2      „ 

0'17l  par  cent,  fdt 
0-732         ,, 

O'eOO         „ 
0-408         „ 

Kormat                   .  1  0-296  per  cout,  fat 
At  a.lO-3.S5  P,u,  1  0-2SB         „          „ 
„     a.25-:t.3U      „       U-dUN 
„    .1.3D-3,3G      „        0-304 
„     3.35-3,fi9      „        0-180         ,, 

These  authors  mixed  157'3  grm.  blood  confcainiag  004  per 
cent,  fat  with  :^.1'7  grm.  chyle  containing  '2i>07  per  eent.  fat. 
Tlie  total  fat  o£  the  mixture  was  reckoned  then  at  0'-S80  grm. 
Analysis,  however,  gave  0'22j  grm.  In  other  words,  T42  per  cent, 
of  the  f&t  had  diaappenrcd. 

The  essential  conditions  for  this  action  of  the  blood  are — {1] 
the  preaence  of  the  red  corpusclea — the  serum  doea  not  act ;  (2) 
the  prpaeiLPe  of  oiygen;  (3}  a  very  fine  emulsion  of, the  fat  [milk 
in  too  coar^.).  The  velocity  oJ  the  reaction  at  40"  C.  is  double 
that  at  room  temperature.  Watery  extracta  of  blo«l  which  has 
been  dried  at  4(i'  C.  produce  the  efiecti  but  not  ao  if  from  blood 
dried  at  100*  C. 

This  action  of  the  blood  on  fat  ia  not  the  same  as  that  of 
pancreatic  lipase,  and  it  cannot  correctly  be  termed  a  lipolytic 
action.  What  the  fat  changca  into  ib  unknown,  but  the  products 
arc  insoluble  in  ether,  soluble  in  water  and  dialysable.  Soapa 
are  probably  formed  to  a  certain  extent^  but  not  in]  amount 
corre^poniii  ng  to  that  of  the  fat  disappearing. 

Kanriot,  by  stiirlying  the  action  of  aeriim  on  raono-butyrin, 
has  been  led  to  ascribe  a  lipolytic  action  to  this  fluid-  Experi- 
mental results  obtained  with  so  aimple  an  ester  aa  mono-butyrin 
camiot  be  safely  applied  to  the  neutral  fata.  Mono-biJtyrin  is 
spht  both  by  the  action  of  the  aodinm  carbonate,  and  by  that 
of  the  proteida  of  the  aerumi  and  there  ia  no  evidence  that  a 
lipase  really  exists  in  the  serum, 

Since  the  depot  fat  in  the  tissues  can  both  wander  in  and 
wander  out,  according  to  the  metabolic  needs  of  the  body,  the 
tissue  oells  miut  possess  the  power  of  splitting  and  dissolving 
fata  as  well  as  the  power  of  synthpsis,  for  there  is  no  reason  to 
think  that  fat  tn  the  droplet  form  can  pass  out  of  the  depota 
into  the  blood  stream,  any  more  than  it  can  pass  In  the  reverse 
directions.  Extracts  of  minced  Uver^  intestinal  mucosa,  muscles, 
Ait;. J  have  at  any  rate  the  power  to  split  mono-hutyrin,  and  after 
oil  has  been  injected  into  the  aubstance  of  the  muscles  of  an 
animal,  fat  drops  are  found  within  the  sarcoleoima,  which  suggests 
that  the  fat  has  been  dissolved^  absorbed,  and  rcsyntheaiapd  (Heater). 

To  sum  up,  then — dnoly  enmlsified  fat  is  split  in  the  stomach, 
and  other  fat  in  the  intestine.  The  products,  soap  and  fatty 
acid,  diaaolved  by  the  bile,  are  ahaorbed  and  built  again  into 
neutral    fat    by    the    intestinal   mucosa.       It  ia  probable    that 
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the  glycerine  oi  the  fat  is  not  used  for  thia  syntheais,  but 
for  the  production  of  energy,  whicU  is  required  for  the  syn- 
theaiB.  That  the  mucosa  can  supply  glyceriDC  ia  shown  by  the 
fact  that  fatt^  acids  when  fed  alone  can  be  aynthesised  into 
neutral  fat-  The  neutral  fat  passes  by  the  chyle  into  the  blood, 
and  ia  there  changed  into  an  unknown  aoIuble»  titrable,  dialysable 
modification,  and  passes  in  this  state  through  the  capillary  wall 
into  the  tissue.  Herein  the  process  ia  reversed,  neutral  fat 
aynthesised  and  laid  down  as  dep^t  fat- 
Many  micro-organisms  (mostly  aerobic)  have  the  power  of  split- 
ting fat'  Bacterium  Ooli,  for  example,  can  spHt  milk  fat  np  to 
627  per  cent-  Mucor-like  moulds,  when  growing  on  cheese  or 
butter,  can  increase  the  fatty  acid  value  in  the  ether  extract  from 
2-7  to  47'7.  No  glycerine  is  found,  so  probably  it  is  used  by 
the  moulds  aa  a  aource  of  energy.  The  expressed  juice  of  such 
moulds  has  a  lipolytic  action. 

In  the  seeds  of  oil  fruits  the  fat  acts  as  a  reserve  food  supply, 
and  on  germination  is  split  by  a  lipase,  and  rapidly  diminishes. 


The  Mbtabolism  of  Pat 

The  body  of  an  adult  man  who  has  lived  on  an  average 
maintenance  diet  consists  of  about  60  per  cent,  water  and  40 
per  cent  dry  matter;  about  18  per  cent,  of  the  latter  is  fat. 
The  difference  between  fat  and  lean  animals  is  shown  by  the 
foUowii^ : — 


Sbeep. 

Sniue, 

Loud, 

V*>r  Cent- 
6L 
39 

Kftt. 

Lun,     1      Kfct, 

Water      , 
Dry  mattei' 

Pur  Oeul- 
46'2 
53-& 

PwCenl,  ,  PurCetil. 
58  2      i     429 
41-8      1     &7'1 

CifnpositioH  of  the  dry  innttfr^ 

Ash          .        -        . 
Fal  . 

ProLoid   and  other 
orgzmic  matter 

3-4 

19-9 

15-7 

2-9 
37  9 

13-0 

3-8 
24-6 

144 

17 

44-0 

11-4 

While  the  total  percentage  of  water  is  very  markedly  lowered 
in  fat  animals,  the  percentage  in  the  actual  living  tissue,  excluding 
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the  fat,  ia  undiminished.     The  depcit  fat  is  so  much  dead  matter — 

&n  oil  store — which  i\(ies  not  affect  the  conk[H]fiitioD  of  the  living 

bioplasm. 

Apart  from  the  aah,  the  body  coasistd  eaaentialiv  of  proteid  and 

fat,  for  the  capacity  of   the   body  to  store  carbohydrate  ia  limited 

to  about  ilOO  grin,  of  glycogen.       The  percentage  composition  of 

fat^ — practically  the  sanie   in   niari   and  the  domestii;  animals — ia 

C,  Tij'5;  H,  111;  0,  llo.      Thus  in  metabolism  experiments  a 

gain  of  lOU  grm.    fat  equals  about  10-^  grm.  C,  and  a  gain  of 

1  grm.   C,    aa  determined  by   the  respiratory   e:cchange,  wouU^ 

equal  1-f  O'Tfiri  =  I'JOT  grm,  fat,  while  the  respiratory  quotient, 

CO 

-=--,  on  a  diet  of  pure  fat  calculated  from  the  above  percentage 

composition,  shoulJ  approximate  to  '7- 

Adipofl?  tissue  itself  holds  about  30  per  cent,  H,0,  a  fact 
which  must  be  taken  account  of  in  calculating  gain  in  body-weight 
in  metabolitmi  experiioentfi. 

Id  conaidcring  the  relative  fatneaa  of  a  peraon  ]0-15  per  cent. 
under  or  above  ttic  average  weights  given  below  must  be  regarded 
se  normal,  15-30  pot  cent,  above  aa  fat,  and  30-oO  pot  cent,  as 
over  fat 

The  average  length  and  weight  of  body  in  the  Teutonic  raoe  is 
as  follows': — ' 


Tmt. 

UlKTllLln 

wcitfhtni 

MaUH. 

KC]|i4P«iu. 

0 

04fl6 

3-2 

1 

0(tW6 

100          1 

A 

Q'SHO 

Ifi'Tll 

10 

laei! 

2fi-] :: 

20 

1-711 

BTvO          1 

£5 

1  722 

6Hi!t 

:[n 

172^ 

fi9-»0 

AQ 

1  713 

flB'81 

60 

11HU 

OafW 

The  more  slender  Latin  race  at  twenty-five  years  hae  an 
average  of  1-G80  m.  and  62iilS  kg.  The  average  of  woman  at  the 
flame  age  ia  1-577  m.  and  -^.rOS  to  5328  kg. 

The  record  weights  of  obese  subjects  are  sufficiently  startling; 
thus  a  fifteen-month  child  weighed  36-5  kg-,  a  ten-year-old  giri 
409-5  kg-,  a  man  304-5  kg,,  and  another  490  kg. 
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Albert  finds  that  the  fat  in  awine  and  sheep  [a  subject  to  very 
considerable  individual  vanationa  as  to  melting- point,  refrtictive 
index,  and  iodine  number.  The  diiSereoce  depends  on  the  food 
and  external  temperature.  Even  in  the  same  individual  the  fat 
is  not  of  the  same  composition  in  different  parts  of  the  body,  but 
varies  In  the  superficial  parts  exposed  to  cold- 

The  following  figures  show  the  effect  of  exposure  to  cold 
(Henriquez  and  Hansen) : — 


Pis  liept  for  two  montlis  at  30'-35'  C. 
Pig  kept  for  two  nioiitliB  at  0'  C. 
Pig  kept  for  two  mootha  at  0"  C,  and 
partly  covered  n~ith  sheep's  pelt 


lodlnB 
Number. 

U«lt]Pf  Pi^nt^ 

69-4 

S4-6 

72-3 

23-3 

67 

45-4 

(Put  UDiLer  pnlt) 

69-4 

24-1 

(PHTt  arpOKd) 

The  paniculua  of  the  new-bom  infant  is  a  harder  fat  than  that 
of  the  adult,  owing  probably  to  the  pheltering  warmth  of  the  uterus- 


t         InfmnL          '          AdnlL 

Per  Cent.               Per  Cent. 

Oleic  acid          .         65-04               86-Sl 
Palmitic  acid     .           27-81                   783 
Stearic  acid        .  j          3-15                   1^93 

In  the  fat  oE  an  Esquimaux  girl,  aged  twelve,  fed  on  fish, 
Rosenfeld  found  an  iodine  number  of  79,  while  that  of  a  European 
of  the  same  age  is  61.  ^ 

The  metabolism  of  fat  can  be  investigated  either  by  >  the 
Pettenkofer  or  Zunta  method.  Atwater  in  America  has  perfected 
a  most  complete  calorimeter  and  respiration  chamber,  in  which  a 
man  can  live  many  days  worJdi^  if  required  on  a  bicycle  which 
drives  a  friction  wheel,  sleeping  on  a  proper  bed,  and  receiving 
his  victuals  and  handing  out  his  urine  and  ftecea  for  analysis 
through  a  double  window.  A  steady  current  of  air  ventilates  the 
chamber,  and  by  analysis  of  the  incoming  and  outgoing  air  the 
respiratory  exchange  ia  arrived  at-  The  heat  given  of!  is  measured 
by  circulating  through  tlie  double  walla  of  the  chamber  a  constant 
stream  of  water  which  has  previously  been  cooled  to  a  constant 


ABOLESM 

U-mperftture.     The  temperftturo  of  the  in  and  out  going  wat^r  is 
taken,  ftud  the  volnuie  of  cimilating  watwr  measured. 

By  deterruining  the  carbon  and  nitrogen  balance  between  the 
food  fed  and  the  total  excreta,  any  gain  or  Iom  of  fat  and 
protfjid  can  be  calculated-  A  gain  of  66-67  grm,  N  e<|ual3  100 
grui,  of  proteidj  and  thia  will  contain  52-52-6  grra.  of  carbon. 
Any  gain  of  carbon  in  excess  of  the  amount  stored  as  protetd 
must  be  in  the  form  of  fat,  ('ic<*pting  the  very  limits  amnunt  of 
glycogen,  Evciy  grm.  of  carbon  stored— above  that  put  on  fta 
proteid — will  represent  1"3  grm-  of  fat-  Similarly  if  carbon  be  lofit 
wbile  the  nitrogenous  bnlance  is  preserved,  tho  loss  must  come 
from  l>ody  fat-  The  experiments  require  lo  be  conducted  for 
comparatively  long  periodH,  because  any  small  gains  or  loaees  of 
carbon  are  rendered  ambiguous  owing  to  the  presence  of  some 
3C0  grm.  glyeoHon  ifi  the  body. 

By  tbe  Zuntz  method  tbe  subject  breathe!*  through  a  raeter^ 
and  the  revolutinn  of  the  niet-er  causes  tlie  continuoua  collection 
of  a  sample  of  expired  air-  The  total  volume  breathed  is  thus 
obtained,  and  analysis  gives  the  composition  of  the  expired  air, 
wliile  that  of  the  inspired  air  can  be  reckoned  if  the  barometric 
pressuTGj  temperature,  arid  humidity  be  known.  The  0,  use  ia 
taken  by  Zuntz  as  the  lietter  indirator  of  Tnetaholiaui,  l*ecAUBe 
of  the  tendency  either  for  the  CO-^  or  its  precursors  to 
acoiimulote  in  the  muscles  during  hard  work,  the  escess  being 
given  out  during  the  subsequent  period  of  rest.  From  the 
respiratory  eJfchange  the  respiratory  quotient  is  calculated,  and 
tbis  throws  light  on  the  character  of  the  material  consnmed- 
When  the  quotient  approachea  IOh  bs  after  a  mixed  meal,  energy 
is  chiefly  obtained  from  carbohydrate,  and  when  the  quotient 
nears  0'7,  as  before  breakfast  after  a  light  supper,  the  body  fat 
is  the  source  of  energy,  fntermeiliatfl  values  of  the  quotient  give 
more  ambigcus  results  ;  but  if  the  amount  of  t\  consumed  and  CO, 
produced  in  the  oxidation  of  any  one  of  the  three  groupa  of  food- 
fltulTa  be  koown,  it  is  a  comparatively  simple  matter  to  calculate 
the  proportion  in  which  the  other  two  enter  into  the  reaction. 
Now  the  total  urinary  N  gives  approximately  the  measure  of  the 
proteid  katabohsni-  Knowing  the  coiDposition  of  the  nitrniiPnouH 
unnary  products,  it  is  possible  to  compute  approximately  the 
amount  of  Cj  H,  and  0  in  these,  and  then  tocalculatc  the  amount 
of  oxygen  required  to  oxidise  the  non-mtrogenoua  residue  of  the 
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proteid  kataboliiied.  Daring  moderate  musculftT  work  the  proteid 
metabolism  is  scarcely  affected,  and  tkos  the  reapiratory  quotient 
will  indicate  whether  the  additional  matter  oxidised  is  fat,  or 
carhohydrate,  or  both. 

The  method  of  computation  ia  illustrated  by  the  following 
example : — 

In  a  dog  one  kg.  metre  of  work  increased  the  0,  nse  (per  kg. 
body  weight)  by  1-6704  c.c;  the  CO^  output  by  14670  c.c  ;  the 
respiratory  quotient  =  0-878. 

Now  let  a^=amount  of  0^  consumed  in  the  oxidation  of  fat, 
and  1-6704 —X  the  amount  consumed  in  the  oxidation  of  carbo- 
hydrate. Since  the  R.  Q.  of  fat  is  07069,  x  c.c.  0,  would  yield 
0J069  X  c.c.  CO^*  and  since  the  R.  Q.  of  carbohydrate  is  I'O, 
the  1-6704— ic  c.c.  of  Oj  used  to  oxidise  carbohydrate  would  yield 
1-6704-3:  C.C.  COj.  Therefore  0-7069  %  -|-(l-6704-x)  =  l-46TO, 
andx=0'6939. 

Thus  the  oxygen  consumed  in  the  oxidation  of  fat  was 
0-6399  cc.and  by  carbohydrate  1-6704- 0'6939  =  0-9765  c.c,  and 
the  CO,  produced  by  fat  was  0-4905  c.c,  and  by  carbohydrate 
0-9765  C.C, 

From  these  data  the  actual  amount  of  fat  and  carbohydrate 
metabolised  can  be  computed,  as  1  grm.  fat  requires  2'8875  grm. 
or  2  02 8  litres  of  oxygen  for  its  oxidation,  and  produces 
1-434  1.  COj,  while  1  grm.  carbohydrate  requires  1-185  grm.  or 
0-832  htre  0,  and  produces  0-832  1.  CO^. 


The  Metabolism  of  Fat  during  Fasting 

As  soon  aa  the  influence  of  the  food  previously  taken  has  passed 
away^  the  body  settles  down  to  a  steady  level  of  fasting  meta- 
boliam^  and  the  expenditure  both  of  ptoteid  and  fat  shows  only 
slight  variations  for  many  days- 
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Both  the  respirator?  exchange  and  the  urinary  nitroj^en  per  kg- 
of  live  weif^ht  remain  approiimatelv  constant  (Lebmami,  ZunU). 
The  protcid  metEboltsm  tends  to  a  somewhat  uniform  percentage 
of  the  total,  namely,  from  10  per  cent,  to  14  per  cent.,  and  out? 
begins  to  incroase  in  the  final  atago  of  starvation  when  the  reserve 
of  depot  fat  ia  almost  exhausted,  and  there  la  increa^ng  diOiculty^ 
in  ttanafetring  an  ad«qtiat^  amount  of  fat  from  the  adipose  tisauol 
to  the  blo<>d.  If  the  body  l>e  well  nourished  and  cnntftin  much 
fat  this  increase  in  proteid  kataboliaio  may  be  long  deferred. 

The  following  example  iUuatratca  this : — 
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In  a  rabbh,  on  the  other  hand,  the  proteid  metabolism  was  125 
per  cent,  of  the  whole  by  the  eighth  da?»  5l>  per  cent,  bj  the  sis- 
teontb  da}",  and  96-4  per  cont,  by  the  seventeenth  to  eiphtecntb  day. 

The  rise  in  proteid  metabolism  coincides  with  the  exhauation  of 
the  supply  of  visible  ftit. 

As  the  fasting  herbivorouB  aolmat  cornea  to  live  en  its  own  fat 
iti  is  interesting  to  note  how  the  respiratory  quotient  changes  from 
a  carbohydrate  to  a  fat  value. 
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The  METAiioLisM  of  Fat  when  Proteids  ahe  Fbd 

When  ptoteida  are  fed»  the  proteid  metabolism — which  equals 
only  10-14  per  cent-  of  the  whole  day's  energy  in  the  faating 
animal— becomes  greatly  atimalated,  and  a    large  proportion  of 
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the  proteid  food  rapidly  undcrgoea  cleavage  into  nitrogenous  and 
Qon-nitrogenoua  moietiea,  and  h  not  used  as  a  tisaue-builder. 
E.  Volt  Teckons  the  amount  of  pioteid  reqmred  for  nitrogenous 
equilibrium  to  be  no  less  than  2|-  to  3  times  more  than  that 
metabolised  in  the  starving  animal.  Thus  if  25-42  per  cent-  of 
the  total  energy  expended  by  the  fasting  animal  be  given  aa 
proteid  food,  mtrogenons  equilibrium  results^  and  the  remaining 
58-72  per  cent,  of  the  energy  is  derived  from  the  body  fat. 
Examples  :^ 


Doff  Food  (Rdbuf  r).  S  of  Food.  y  Eicnted.      i        Bod;  TpI  UeLAbollud. 


415  grm.  T^n  meat 
0 
760       .> 


0 
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4-38 
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49-33 
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*^_„  Jflret  two  days 
^^^i     o£  feeding 


These  and  many  similar  experiments  of  Rubner  show  how 
material  a  loss  of  fat  occurs  on  a  proteid  ration  which  is  sufficient 
to  prevent  any  loss  of  N,  from  the  body. 

An  animal  puts  itself  promptly  into  equilibriura  with  its  supply 
of  nitrogen,  and  only  a  slight  and  evanescent  gain  of  body  proteid 
can  he  produced  in  the  adult  by  the  most  liberal  supply  of  proteid 
food.  Muscular  work  plus  a  sufficient  diet  of  proteid  increases  the 
flesh  of  the  body. 

Tlie  food  proteids  are  cleaved  into  a  nitrogenous  and  a  non- 
nitrogenous  moiety.  The  nitrogi^nous  moiety  is  rapidly  excreted 
as  urea,  while  the  fate  of  the  non-nitrogenous  residue  cannot 
as  yet  be  traced.  It  may  become  glycogen  or  fat-  That  it  is 
not  oxidised  simultaneously  with  the  excretion  of  the  nitro- 
genous  moiety  is  shown  by  the  fact  that  the  heat  production 
of  the  body  does  not  rise  after  a  meal.  Much  of  the  proteid 
we  eat  ia  used  wastefuUy  for  the  enei^  of  the  non-nitrogenous 
moiety-  That  it  ia  oxidised  in  due  course  ia  shown  by  the  -fact 
that  any  excess  of  proteid  extra  to  that  required  for  N  equili- 
brium is  substituted  for  more  or  less  body  fat  as  a  source  of 
energy. 
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Thb  Source  or  Body  Fat — Is  n  Formed  from  PBOTBroT 

The  pbyaiologiBta  of  the  earliec  p»rt  of  the  nineteenth  century 
held  that  animal  fat  was  food  (at  which  bad  escaped  oxidation 
and  been  dcposit'Cti  in  the  Lisecee^  Liebig  taught  the  origin  of  fat 
from  carbohydrate-  After  much  debate  Voit  introduced  the 
doctrine  that  proteid  is  the  chief  snurt-e  of  fai,  and  this  became 
generally  accepted  in  1880  and  remained  so  until  Pfllfcger  in  18^1, 
in  a  trenchant  criticiam  of  Voiles  experimental  proved  that  the 
latter  were  inadequate-  Pettenbofer  and  Voit  3  conclusion*  said 
P^nger,  were  ba^d  upon  an  erroneous  calculation  of  the  elemen- 
tary compoailion  of  the  lean  meat  on  which  their  test  dogs  were 
fed.  The  percentage  compositiou  which  Voit  chose  as  correct  wna 
not  based  on  analysis  but  on  opinion,  and  is  in  truth  in  opposition 
to  the  an&lysia  of  other  wotkem.  Pcttenkofcr  and  Voit  fed  dog^ 
on  great  quantities  of  lean  meat  and  foimd  in  the  excreta  all  the 
N  but.  not  all  the  C  which  they  calculated  to  l>e  in  the  food. 
The  amount  of  C  retained  in  the  body  was,  they  aud*  too  much 
to  be  regarded  as  stored  glycogen. 

The  proportion  of  C  to  N  in  muscle  proteid  Voit  chose  as 
1 :3-4,  while  Rubner  as  the  result  of  analyses  put  it  at  1 :3'2S, 
and  even  this  figure  must  receive  a  alight  correction  for  the  smalt 
per  cent,  of  glycogen  preaent  in  muscle.  The  c&rbon  in  the  urine 
vfas  estimated  by  Voit  from  the  amount  of  N  on  the  assumption 
of  the  ratio  being  1 :  C*(iO  while  it  should  be  1 : 0'CT,  Uainp  these 
correctionfl,  Pfluger  has  recalculated  Volt's  eiperimeot  and  found 
no  proof  of  fat  formation  on  a  diet  of  lean  meat,  thus :— 


Vail  r«s. 

BDdjni.                  1 

Volt, 

I^UCW. 

Grm, 
1W» 

SFiOO 
lAOO 

lAOO 

+  vx 

4M'7 
+   3'4 
+    7-3 
+  -M-4 

+  y0'7 

-3.VS 
^29-3 

+   3'7 

These  were  the  figures  in  one  typical  experiment  where  the 
uptake  wafl  2>:>00  gnn.  of  Heab. 
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Toil 

FHiig:«r. 

N:C  1:3662 

^'^  J  0^3130   „ 

N-                  C- 
Ovitput— Urine          .    844           50-6 
FfflcEB                l-O             6-7 
Respiration     ^-         213'6 

ToUl        .         .    85-4         271'1 

N:C  1:3-277 

N—  8fi  grm. 
0  =  278-6  gmi. 

84-4                         56-6 
1-0                           6-7 
—                        213-6 

86-4                       276-9 

Balanco   .                .   -1-41-9  C. 
=  56-7  grm.  fat. 

+  17  gnu- C 
(nn  amount  within  the  limits  of 
csperimentfll  error). 

Since  the  publication  of  PflUger^H  criticism  E,  Volt,  Cremer,  and 
Gruber  have  advanced  evidence  in  favour  of  the  proteid  origin  of 
fat-  Taking  the  ratio  of  N  to  C  in  the  flesh  fed  aa  1 :  3-29,  E.  Voit 
obtained  an  onput  of  30'U5  grm.  C  in  three  days,  which  is 
equivalent  to  G^  grm.  glycogen,  i,e.  much  more  than  the  animal 
could  be  expected  to  have  stored  up  in  the  time.  Cats  yield  1-5- 
8'5  grm.  glycc^cn  per  kg.  (B6hm  and  Hoffmann).  The  inference 
drawn  by  Voit,  therefore*  was  that  fat  was  stored. 

Cremer  fed  a  cat  for  eight  days  in  the  respiration  chamber, 
giving  it  450  grm.  lean  meat  per  diem  :  the  averse  daily  excretion 
of  N  was  13  grm.  Taking  the  ratio  N  to  C  as  1 : 3'2,  this  amount  of 
meat  gives  41*6  grm.  C  as  the  amount  taken  in  the  food,  while  only 
34-3  grm.  were  excreted  per  diem.  Thus  7-3  grm,  were  retained.  In 
three  other  experiments  12'6  per  cent,  to  17-0  per  cent.  C  were 
retained,  Gruber  fed  two  dogs  on  1500  grm.  lean  meat,  the  N  in  the 
ffficea  and  urine  were  determined  and  the  CO^  output  for  five  days. 
The  N  to  C  ratio  was  taken  as  1 : 3-28.  The  total  retention  of 
carbon  was — 

Calculated  aa  Glycogen 
C.  (10  grm.  C  =  90  grm.  Glycogen). 

Exper  1      .         113-9  =  256 '3  glycogen. 

..        2       .  1951)  =  441-0        ., 


So  much  glycogen  could  not  have  been  put  on  by  dogs  weighing  about 
20  kg,,  and  ao  the  carbon  was  assumed  to  be  put  on  as  fat.  There 
are   possible   sources  of  fallacy  in  these  experiments.      Firstly, 
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PflUger  suggests  that  imido-auids  nuglit  be  retained,  aiich  as  lyrnain 
— the  degrftdati-on  products  of  pancreatic  digestion.  This  might 
easily  result,  considering  the  large  amount  cf  proteid  fed.  Secondly, 
in  the  elcmontary  analvscs  of  k-an  meat  by  Rubner  and  ArRUtinalcy, 
&C-,  the  ether  method  of  extraction  was  uaad  for  determining  the 
amount  of  fat  prespnt.  Now,  Rosenfeld'a  method  of  boiling  the 
tissue  with  alcohol  and  theu  extracting  ^itli  chloruform  may  yield 
40  per  cent,  more  extract  than  other  methods.  On  the  other 
hand,  this  method  extracts  more  than  fat,  Wliile  there  is 
this  doubt  as  to  the  amount  of  fat  in  the  meat,  the  figures  quoted 
above  can  prove  nothing  as  to  the  formation  of  fat  from  proteiJ. 
M.  Kuuiagawa  selected  two  similar  doga  of  the  same  htter,  and 
robbed  them  of  their  depot  fat  to  the  utmost  by  twenty-four  days' 
fltatvfttion.  He  then  killed  and  analysed  one,  while  the  other  he 
fed  with  lean,  horae-fleah  to  such  a  degree  that  it — an  3  kg-  dog — 
consumed  4S  kg.  in  49  days,  a  diet  equivalent  to  13^^  Cal.  jn^r  kg. 
of  live  weight.  The  dog  incrcaaed  from  608  to  10  kg-  In  the 
control  dog  there  was  JliO  grm,  fat,  m  the  other  1087'7  gim.  The 
amount  of  fat  put  oil  then  waa  assumed  to  be  D'JS  gnu,  la  the 
meat  absorbed  there  was  1084  grm.  fat,  and  ^56  grm.  glycogen — 
in  other  words,  enough  to  cover  the  total  orput  of  body  fat, 
so  there  was  no  evidence  of  the  formatiou  of  fat  from  proteid 
herCn 

We  must  conclude,  then,  that  the  metabolic  evidence  of  the 
formation  of  fat  from  proteid  is  at  present  lacking.  It  is  impossible 
to  fee<i  an  animal  on  pure  proteid  alone,  such  its  casein,  and  it  is 
exceedingly  difficult  to  determine  with  any  degree  of  accurai:y  the 
amount  of  fat  in  lean  meat.  If  it  were  possible  to  do  this,  the 
(juestion  as  to  whether  glycogen  or  fat  ia  stored  could  be  settled  by 
an  exact  estimation  of  the  oxygen  eKchangCj  ance  the  difference  in 
the  oxygen  content  of  Fat  and  glycogen  ia  very  great-  In  aiippt^rt 
of  the  view  that  fat  can  be  formed  from  proteid  is  the  faet  that 
glycogen  eaa  be  formed  from  proteid,  and  that  fat  can  be  formE^i 
from  carbohydrate. 

Attempts  have  been  made  to  prove  the  origin  of  fat  from 
proteid  ill  the  formation  of  adipoeere.  the  ripening  of  cheese,  the 
formation  of  fat  in  fly-maggots  fed  on  blood,  and  the  formation  of 
milk,  in  the  fatty  degeneration  which  occurs  in  phosphorus  poisca- 
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Adijiocere  is  the  fatty  aubatancc  into  which  parte  of  a  corpse 
cbange  on  long  itnmeraioa  in  water.  It  woe  supposed  to  result 
from  the  aotual  change  ot  muscle  proteid  into  Jflt.  What  happens^ 
la  truth,  is  tin*  pLttt*faL^tive  ro]li<niJLtion  of  ths  pmteiils.  and  tfie 
fat  set  fiee  from  its  depots  flonta  in  the  water  and  percolates 
ugh  the  tissues, 

Lehmann  put  in  flowing  water  pieces  of  muscle,  which  eoc- 
taiTied  Il'fifi  grm.  per  cent.  neiJtra!  fat^  and  found  after  exposure  for 
Home  weeks  1  grm.  per  cent,  of  fat  and  627  grm.  per  cent,  of  free 
fatty  acida.  Tliia  change  waa  due  to  tbe  action  of  bacteria,  as 
shown  by  Fr.  Kmua,  who  kept  piecea  of  o^ane  obtained  bactcria-freo 
Bteriliaed  water  at  ^Ji*-31l'  C.  fwid  found  no  change  in  the  fat. 
Cheese. — Bacteria  can  undoubtedly  brealt  down  proteJd  and  set 
free  among  ether  degradation  products  fatty  acid.  Thus  freah 
cheese  which  yielded  2'l(i  grm.  ether  extract,  after  fourteen  days 
ripening  yielded  4-3  grm.  Windisch  found  the  ether  extract  of 
Cftoiembert  cheese  increase  from  4978  to  56-75  p^r  cent,  in  the 
procosfl  of  rippning.  That  fungi  have  the  power  of  forming  fatty 
acids  and  fata  out  of  proteid  does  not  prove  that  the  aame  thing 
holds  good  for  the  cells  of  the  animal  body,  but  it  ot  least  renders 
it  more  probable. 

Fly-tnaggoU. — Hoffmann  collected  the  eggfl  of  blow-flies  and 
analysed  a  portion  for  fat.  The  rpst  he  set  upon  a  weighed 
quantity  of  coagulated  blood.  The  fat  percentage  in  the  blood  he 
also  analysed.  He  found  the  developed  maggota  contained  ten 
times  more  fat  than  that  in  the  blood.  PHilgor  made  two  ob- 
jections to  this  experiment.  Firstly,  the  micro-organiams  in  the 
blood  derompoHed  the  proteid.  Secondly,  such  small  aniounts  were 
used  in  the  experiments  that  errors  in  analysis  (ether  extraction  of 

yi)  rendered  the  resuJta  quite  untrustworthy.  Thus  while  an 
ethereal  extract  of  blood  yielded  to  one  observer  0'18  per  cent.  fat» 
a  boding  alcohol  and  chloroform  extract  yielded  in  the  hands  of 

nothef  no  less  than  14  per  cent.  0.  Frank  repeated  Hoffmann's 
ejqjerimenbi  growing  the  maggots  on  meat  extracted  with  ether; 
but  the  nncertaLntv  of  the  extraction  and  the  presence  of  carbo- 
h.ydratG  in  the  meat  rendered  the  positive  result   he   obtained  of 

ttle  value. 
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Thk  FoRMATioy  or  Max  Fat 

The  fat  appears  in  the  cells  oE  tlie  munmarj  gUods  in  the  form 
of  nuDutc  dioplete.  as  may  he  seen  in  oaatc  prcpamtions.  The^ 
droplets  run  together  &Dd  ^prtwdi  tike  free  odgp  of  the  cell- 
Beidenluuii  supposed  that  the  front  ed^  of  the  celU  broke  down 
and  thu9  set  free  the  fat;  this  ifl  deoied  by  Benda.  who  finds  no 
sign  of  a  torn  cell  waU  in  Lia  prepazatio&s  of  active  gknd.  TLe 
c^  Actively  prodncra  fat — tt  is  not  &  product  of  regressive  tnetar 
morphodifl  or  fatty  de^eneratiaii  [BiEZoxero  aod  Benda), 

Volt  regarded  the  milk  fat  as  a  decompoaition  product  of  body 
sad  food  proteid.  Soxhiet  and  otheia  as  a  product  of  food  and 
hody  fat>  while  still  others  aacnhed  its  origin  partly  to  caibo* 
hydrate.  Voit,  feeding  a  bitch  on  lean  meat,  came  to  the  coni^Iusion 
that  it  put  on  more  lat  and  separated  more  butter  in  the  milk  than 
was  in  the  food.'  From  metabolic  researches  both  on  the  bitch 
And  cow  he  concluded  that  the  proteid  in  the  food  sufficed  to 
produce  all  the  fat  in  the  milk.  He  supposed  ^hat  the  ni&maiary 
cell  substance  decomposes  into  milk  and  is  re-formed,  that  prot^d 
13  essential  for  rebuilding  the  cell  aubetanee.  and  that  carbohydrate 
and  fat  act  ocly  as  pmteid  sparers.  While  the  earlier  investigators 
found  no  effeft  on  the  milk  on  feeding  fat,  but  bptl^red  the 
quality  by  giving  more  proteid.  the  more  recent  workers  have  un- 
doubtedly influenced  the  milk  by  increfl^ng  the  fat  in  the  food. 

Thus   Stohmaiin   observed    the    faroiiniblo    eff^t    of    feeding    oil 

to  a  goat,  s[i4]  tlie  lesssEiing  of  the  ^ield  iif  butmr  un  removing  fat 
from  the  Jiet.  The  melting-point  of  tbe  butter  had  been  Found 
affected  by  the  feeding  of  cotton-oil,  pslm-oil,  a»i  cwos  btitter. 
Hosenfeld,  by  conatAntly  feeding  bitches  with  mubton  fftt,  caused  this 
fat  to  aocumubtte  in  the  fjit  depSta,  and  the  animaU  produced  & 
butler  with  th»  joiline  number  uf  muitoD  !&t.  HenrJquez  and 
HatLien  fcuad  feeding  covi  with  litise^d  -  oil  niified  the  iodine 
number  in  milk  fat  from  30  op  to  59  7  and  even  to  70  4^  showing 
ihe  increosod  prapr^rtion  of  oleio.  StellwnAg  fo\ind  that  eowa  fed 
on  a  mn^h  of  ujai^e  gave  it  Imtler  Um  low  in  melting-point  to  be 
mjifk'z'ttkble.  Oil-cJkke  fed  to  cows  proiluce?  an  oily  milk.  Ba^umerb 
ami  Fnlke  feii  >^es:ime  nnil  jdmerid  oil,  and  founil  thp  mitk  fat  to 
Gouai^t  of  H  mixture  of  butter  fate  with  these  foreign  fata.     Wiuber 


■  Tke  poufble  erran  in  Voit'i  raurehn  bnvtt  been  cf>Tivid«rvd  AbaT«. 
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oita  injected  iixllfin,  a,  stable  compound  of  iodme  and  f&t,  and  found 
It  Aacreted  in  tbe  milk|  an  obsorrabion  which  haa  been  confirmed  on 
woman. 

Caapari  likowine  fed  a  bitch  on  JuJiaeil  fal  :imJ  fouuJ  23  per  cent, 
of  Ihifi  appeared  in  tbs  milk.  If  miK^ti  t-iaa  or  Eiigiir  »are  also  fed 
no  le^  than  32  per  cent,  dF  tha  uidii^ed  Fat  pas.seti  inba  bhe  milk. 
The  grenter  piu't  of  the  rSToaiudftr  beoame  atorod  in  the  fat  depolfl. 
Tie  then  fed  with  litii,  and  found  ft  per  rent,  of  the  iodised  fiit  j^tureJ 
in  the  doputs  patised  into  the  milk,  tWra  thi-*  obatTtfEition  he  con- 
cluded thriti  thn  milk  fat  vonie!^  from  both  the  food  anJ  The  dep4!it 
fat.  It  has  been  objet^tml  to  this  cttnclueion  that  when  iodised  caaein 
ia  fed,  a  laeasiirabte  amount  of  ioiij^ed  frit  appi^ars  in  tbe  milk. 
This  dooa  not  prove  that  the  oKseia  i.s  converted  into  fat.  Probably 
the  bodj  or  food  FelI  rohn  tbe  casein  of  its  iodine,  when  (ha  latter 
undergoes  decompoaitioii  duriug  or  aEter  absorption. 

There  can  be  no  doubly  then,  that  milk  fat  can  come  frfim  food 
Or  body  fat.  It  cjlh  alao  f^ine  from  carbohydrate  food.  Jordan 
and  Jenter  placed  a  atrong  Jersey  cow  in  the  height  of  lactation 
on  hay  and  aecd  food,  from  which  the  fat  had  been  largely  ex- 
tracted In  ninety-hvB  days  they  estimated  the  cow  flBgimilatad 
only  -5'7  Iba.  of  fat.  yielded  039  Iba.  of  butter,  aud  increased  47  lbs. 
ill  weight.  Tt  excreted  urea  equivalent  to  the  decomposition  of 
33-;J  Iba.  of  proteid.  The  non-iutrogenoua  moiety  of  tbia  amount 
of  proteid  could  at  niost  have  produced  only  17  Iba.  fat.  tiranting 
the  fact,  which  it*  uuproven,  that  ihh  amount  of  fat  could  have  been 
derived  from  proteid,  it  is  clear  that  the  rest  iruHt  have  come  out 
of  carbohydrati!  food,  seeing  that  body  (at  waa  uot  lost  but  gaioed- 

The  /ortrtfUion  of  sebum  haa  boen  euppoaed  to  be  an  example 
of  fatty  decompoaitiou  of  the  cell  proteid,  but  it  is  now  recognised 
that  it  is  a  secr^^tioQ  which  atands  in  close  relation  to  the  depot 
fat  (Plato).  By  feeing  geeae  with  EW-same  oil  thia  fat  was  found 
BBcreted  by  the  rump  gland. 


PATHOrj^OTCAL   EHDEMCE  AS   TO   IHK  FoKMAT[OH  OF    FaT  FEOH 

1*B0TBID 

Histological  examination  has  leJ  to  the  widely  accepted  theory 
of  fatty  degenemtion  of  the  c^ll  prateids  (Virchow),  but  chenucaJ 
analysis  of  the  tiasuc  docs  not  becir  this  out.  The  fat  prcvJoualy 
exisbent  in  the  celJa  cornea  prominentfy  into  view  in  the  degenerated 
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cclla  owing  to  the  waating  f>(  the  proteiA  The  necrotic  changes  lead 
to  the  fetty  contents  ruimin^  t^ipcther  into  v]sil>Ie  droplets.  In 
degenerflted  nervea  the  fat  droplets  are  striking  oLjecta,  but  the 
nerves  Jire  poorer,  not  richer  in  fat.  A  patch  of  yellow  aoftening 
of  the  brain  in  the  region  of  the  cuneus  yieldi^d  G'17  per  cent,  fat, 
while  the  normal  cuneus  gave  8 "81  per  cent,  (Roaenfeld).  In  old 
pus  oeDfl  in  which  niicroscopically  the  fat  droplets  appeared  most 
numerons  analj'sis  showed  only  1"S*4  per  cent,  fst 

In  sections  of  the  nornial  heart  and  kidney  no  hiatologist  Baea 
evidence  of  fat  in  the  cella,  and  yet  chemical  analysis  may  give 
15-2o  per  tent,  in  the  kidney,  and  as  much  aa  15-16  percent  in  the 
heart-  Thi»  ahoWB  that  micTOflcopical  evidences  of  fatty  degenera- 
tion are  utterly  untrustworthy.  The  pre-exiatent  fst  may  not  only 
come  more  prominently  into  view  in  cells  sufficing  from  nial-nutri- 
tioiii  but  the  depot  fat  may  be  attracted  and  lodged  within  suck 
cells,  owing  to  the  eflort  of  the  dying  protoplaam  to  maint^  ita 
en?rgj'. 

Thus  phosphorus  poisoning  has  been  quoted  over  and  over  again, 
as  a  typical  example  of  fatty  degenemtion  of  proteicl,  but  Rosenfeld 
haa  collected  much  evidence  to  show  that  the  fattineaa  ia  brought 
about  by  the  transference  of  dep6t  fat  to  the  poiaoned  organs. 
He  robbed  dogs  to  the  ntmost  of  their  depot  fat  by  fasting,  next 
filled  up  the  depots  with  mutton  fat  by  feeding^  then  freed  the 
liver  from  fat  by  a  second  and  shorter  period  of  fasting,  and 
finally  gave  phosphorus.  The  liver  of  the  control  dogs  yielded 
7iJ  per  cent,  of  the  dry  substance  ad  fat  with  the  norma!  iodine 
number  for  dog's  fat  {100'9fJ),  while  the  poiaoned  dog's  liver 
yielded  4144  per  cent-  fat,  with  the  iodine  munber  of  mutton  fat 
(574).  The  mutton  fat  had  been  transported  from  the  depots  to 
the  hver. 

When  Roeenfeld  had  foated  animals  to  such  an  extent  that 
the  depot  fat  had  diE^ppcared  to  the  utmost  extent,  he  fotmd 
phosphorus  produced  no  increase  of  fat  in  the  liver.    Thus — 


PliDipbDnu  idnlnlAnvd  Vr 

IM  la  ihe  Liver 
nr  Cfiht.  at  On 
dtj  SnbflUnn, 

A  dog  fjuted  to  l\\e  utmoHt  vo^  .         .         .         . 
A  dog  fapUd,  hn:  conlmniTig  a  little  visible  fat , 
A  dog  faded,  Init  eonn-whriL  Jatter 
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The  deposit  of  fat  in  the  liver  cells  begins  in  the  periplieral 
part  of  the  iobulea,  where  the  connection  with  the  blood  stream  is 
cloacet.  The  aamc  results  have  been  obtaioixl  on  atarved  fowis^  and 
on  labbite  in  which  the  diphtheria  toxin  whb  used  as  the  poi^ning 
agent.  Kraus  and  Somnier  have  determined  that  the  total  fat  in 
white  mice  Is  not  increased  by  phosplioruH  poisoning  but  de- 
creased, aad  even  to  the  extent  of  one-half. 

In  opposition  to  these  reauJta  is  the  fact  that  phosphorus 
produces  abundant  signs  of  proteid  dec ompoaition,  viz.  the  prosonce 
of  lactic  acid,  tjTosin,  leucin  in  the  urine,  &c.  These  substances 
all  contain  Ipjab  nitrogen  than  probeid — Wtic  acid  0,  lencin  10"GT, 
tyroain  7-77  ;  but  we  have  no  evidence  of  the  escretion  of  the 
whole  oE  the  non- nitrogenous  residue  o£  the  decomposed  proteid, 
and  can  form  no  hypothesis  of  the  fate  of  .loaie  of  it  except  that 
nf  ita  heeoming  fat,  Tlnis  Batier  eKenuted  a  metabolism  research  on 
a  dcg  which  had  fasted  Lwelve  days,  and  to  which  he  administered 
small  doses  of  phosphorus.  The  N^  output  doubled  while  the 
CO^  output  and  Om  intake  sank  to  ons-half,  which  suggcets  that 
much  o£  the  non-nitrogenoua  moiety  of  the  decomposed  proteid 
remained  in  the  body.  The  dried  liver  substance  of  this  dog 
yielded  30  per  cent,  of  fat,  while  the  normal  is  about  10'4  per 
cent. ;  the  dried  muscles  42-t  per  cent.,  while  the  normal  is  about 
llj'7  per  cent.  This  observation  nnd  thoso  of  Hoaenfeld  and  hia 
school  appear  at  present,  therefore,  to  be  in  direct  antagonism. 

Arw;niCj  antimony,  phloridsin,  alc;t)bol,  and  many  other 
poisons,  such  as  CO  and  bacterial  to^ns,  cause  in£ltration  of  the 
tiaaues  with  fat.  4  c.o,  per  kilo  of  alcohol  fed  to  fasting  dogs 
produces  a  fatty  liver- 

Rosenfeld  obtained  the  same  resnllfl  with  phloridztn  as  with 
plica  phorus. 

Mutton- fatted  dogs  gave  mutton  fat  in  their  livers  on  giving 
2  grm.  of  pbloridtin  per  kilo.  No  fat  accumulated  in  the  livers  of 
doga  starved  to  the  utmost.  In  fasting  animals  the  proteid  ia 
decomposed  by  phloridzin^  and  the  no n -nitrogenous  moiety  ex- 
creted as  sugar,  so  that  the  fat  cannot  be  derived  from  prot-eid  in 
this  case. 

Fatty  infiltration  of  the  organs  is  produced  by  k&apiag  animals 
in  an  over-heated  atmosphere — the  livers  of  geesa  are  thus 
prepared  for  pUif  de  /oie  gtus.  The  same  thing  coupled  with 
licketfl  has  been  observeil  in  high  stud  foals  whose  darns  have 
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been  kept  in  hot  at&lls.  aver-richly  M,  and  given  deficient  exercise. 
This  coiKliti'>n  wis  at  onte  recaedied  by  giving  proper  exercise  to 
the  marea.  In  thia  and  «very  other  pathological  case  Roaenield 
argucfl  that  the  fat  is  brought  from  the  dcpotd,  that  the  ttB3U«a 
undergo  fat  infiltration,  not  fatty  degeneration.  In  the  conditiona 
nf  intoxication  and  n ml- nutrition  the  c^Ils  increase  their  energy 
at  first  by  Dxidation  of  glycogen — hence  the  total  disBppearanc:e 
of  glycogen  in  phoaphoma,  chlorofornif  phloridEJn.  arsenic  poiaon- 
ing — finally  they  fall  back  upon  fat  and  tako  up  increasing 
quantitiea  of  thta  from  the  depota  through  the  blood.  The 
prol»ability  of  this  view  is  establialied  by  the  fact  that  feeding 
glycogen -producing  foodd  lowers  the  onput  of  fat  in  the  liver, 
Thoa  in  phloridsin  or  alcohol  poisoning  the  fat  infiltration 
can  be  prevented  by  feeding  glycogen  builders,  and  doga  which 
on  a  pnre  fat  diet  put  on  25  per  cent,  of  dry  livpr  Hubstance  as 
fat  have  this  percentage  lowered  to  half  or  less  by  feeding  glycogen 
builders  at  the  saoie  tuae.  The  restoration  of  a  fatty  Lver  after 
poisoning  by  phoaphoniaT  &c  is  signalised  by  the  return  of 
glycogen.  In  the  aaeptic  autolysis  of  organs  the  microscope 
reveals  apparent  signs  uf  fatty  degeneration  of  the  cells  :  but  here 
again  chemical  analysis  shows  that  the  percentage  of  fat  is  not 
increased. 

In  ThIip  fjwe  fif  siiltiion  it  hur*  lieen  siiggesteil  ihiit  the  fat  of  tb© 
genonitive  organs  it*  furmed  iit  the  e^cpen^o  of  the  iuuej^Io  protelds. 
The  fliilmon,  on  entering  fre'4h»wjLter  rivera  for  the  pnrpoaa  of  breed- 
ing, ceftse  to  feed,  ftinl  may  fast  from  five  bo  fifteen  months.  They 
enter  the  river  with  mflsimally  developed  muscles  and  niinirau-lly 
develo^^d  generative  organ?.  Duiing  the  n^sceiib  of  the  river  the 
ovarioB  inirr^ee  to  J  of  the  btxJy  weight.  In  the  muaoleH  of  the 
baick,  which  iLtropUy  as  the  orguur^  of  geneiution  gn^w.  Mit^M'hor 
foujid  enough  proteid  and  fat  available  to  build  re^pevtivoly  the 
proteiJ  iLnd  fat  of  the  ovA.r}'.  Thoie  waa  no  eviiertce  of  trnnflfomia- 
tion  of  proteiJ  into  fat.  The  muBclu  fibres  do  not  degenerate  hut 
dwindle  in  siie,  and  again  hecomc  restored  when  the  fl^b  return  to 
the  Heo,. 

There  is  no  evi^ienco  that  th«  developing  i^hic-k  can  build  fat  out 
of  the  pi-oteidi^  of  blie  egg.  In  the  newdaid  egg  tbere  is  about  10 
pur  t?ont.  tat^  afttr  seven  diiys'  incubntion  y  per  eont.,  and  after 
twenty-one  ilays  Q  per  cent.  Until  the  chick  cilj\  feed  iUelf  on  fat 
and  carbohydrate,  the-  fttt  contenta  of  its  body  decreodoa,  coiuiunied 
as  it  is  to  supply  the  energy  of  growth. 
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Nerve  degeneration  ia  the  only  authenticated  example  of  ft 
proteid -containing  substance  yielding  fat  on  decomposition.  But 
in  this  case  the  fat  does  not  come  from  the  proteid,  but  from  the 
lecithin  moieby  of  protagon. 

The  Weigert  atain  depends  on  the  existence  of  protagon,  the 
Marchi  atain  on  the  setting  free  of  cJeic  acid  by  the  decomposition 
of  lecithin  which  follows  the  disruption  of  the  protogon  molecules. 
The  lecithin  breaks  down  into  pboapboric  acid,  fatty  acida,  and  cholin. 
Both  the  phoephoms  and  total  fat  content  of  the  degenerating  nerve 
decrenaCf  and  the  cholin  passes  into  the  blood,  and  may,  it  ia  said, 
be  detected  therein;  but  this  is  a  disputed  matter  (Halliburton  and 
Mott). 


Origix  of  Fat  out  of  Carbohvdbatb 

Lawes  and  Gilberti  feeding  swine  on  meal>  found  one  pig  (com- 
pared with  another  of  the  same  litter  and  weight)  gained  55-5  lbs. 
of  fat,  while  the  food  contained  only  13-7  lbs.  Reckoning  that  the 
whole  of  this  food  fat  waa  put  on,  that  the  whole  of  the  nitrogen 
in  the  food  was  in  the  form  of  proteid,  and  that  the  whole  of  the 
non-nitrogenoua  moiety  of  this  proteid  went  to  form  fat,  the  total 
cornea  out  as  insufficient  to  cover  the  fat  put  on.  Therefore,  fat 
must  have  been  formed  from  carbohydrate.    Example  :— 


Fat  put  on 71'2 

Fat  in  food 1^-4 


Fikt  produced 

Proteid  cooaumed 
Proteid  put  on 


Available  for  fat 


5S-8 

64 
6-5 

575 


Carbon  in  fat  put  on  ,         ,         .       4S"3 

Carbon  in  available  proteid  (deducting  i 
the  carbon  excreted  as  urea)        .        j 


Difference 


17-9 


Swine  are  especially  auitable  for  theae  researchea^  aa  thej  cat 
a  large  amount  of  digeatibte  food,  pass  a  relatively  small  amount 
of  excreta,  and  put  on  fat  rapidly^ 
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TKh^wimkr  cboae  two  tcn-veck-oU  |M^lii^  out  id  one  lino'  of 
almost  tqual  ve^ht.  One  wba  kiDed  and  m  fat  mud  pruKeid  omtent 
catimAted.  The  ath«T  wai  fed  fonr  dkviiIu  wiih  bariej.  The  unoont 
of  baHej  eaten  v^a  veighed  and  Uie  barler  uuUv^mI.  Tb«  ondife^ted 
fat  and  the  fiitrogen  in  the  excreta  were  determiDed.  FrtiEn  these 
data  the  fat  and  proteid  affibnilated  in  ihe  four  aMDths  were  ^cn- 
lated.  The  pig  increaaed  U>  %i  kg_,  aod  the  fat  and  prticeid  in  it« 
body  were  estimated. 


Ef.  PmcU. 

Ef.Fu. 

No. 
So. 

Shcld 

1 bdd         ... 

■ 

069 

7so.  t  had  put  on 

. 

t-56 

fi-56 

in  the  food  iwfniflitcd  there 

was 

7-49 

l>66 

DiffezeiMe    . 

■ 

5-93 

T-S^' 

Of  the  7'9  k^.  fn%  onlj  a  small  part  cmdd  poedblv  have  come 
inm  the  5*93  kg.  proteid.  At  least  5  kg,  must  have  come  from  the 
carbohTdrate. 

lleisfil  aod  Strohmer  fed  a  one-vear-old  pig  weighing  140  kg. 
for  saren  dajs  with  2  kg.  of  rice  per  day.  The  nee,  urine,  and 
fscea  were  analj&edf  and  on  the  third  and  dxth  davs  the  pig  w&s 
brongbt  ioto  the  respiration  chamber  and  the  CO*  output  deter- 
mined. 289  grm.  C  and  6  grm.  X  were  retained  daily,  Now  6  grm,  N 
=  38  grm.  proteid,  containiDg  20  grm.  C  Therefore  269  grm.  C 
were  put  od  ns  fat.  In  the  food  there  wa^  5~3  grcD.  fat  and  104  grm. 
proteid.  Of  the  latter  36  grm,  were  put  on.  The  remaining  66 
grm-  proteid  and  5*3  grm,  fat  were  ineafficient  to  supply  the  269  grm. 
0  retained. 

The  formation  of  fat  from  carbohydrate  has  also  been  proven 
on  aheep,  dogs,  geeae,  &c.,  bv  Rubner  and  others-  It  is  a 
process  of  reductioD.  The  excess  of  oxygen  in  the  carbohydrate 
molecule  appears  to  unite  with  the  carbon  of  another  carbohydrate 
molecule,  oiidising  the  latter  to  COj  and  HjO.  "  The  process  is 
an  intra-mofecnlar  change  analogous  to  a  fermentation  producing 
CXjj  without  the  intervention  of  0_^  from  outside."  The  respiratory 
ijuotient  is  therefore  increased,  and  becomes  more  than  1  when 
inch  carbohTdrate  ia  transfonned  into  fat- 
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The  end  stage  of  the  traction  is  represented  b7  Hanriot  in  the 
equation : — 

{  Oleo-aUaro-pal'natin) 
+  23COj  +  26H^O. 

Bleibtreu  calculates  that  27006  grm.  glucose  can  fonn  100  grm. 
fat,  5461  grm,  water,  and  115'45  grm.  CO^.  Rubner  calculates 
that  6  per  cent,  of  the  available  energy  ia  lost  in  the  chemical 
work  of  transniiutation.^ 

Respiratory  quotients  greater  than  1  have  been  obaerved  by 
Regnault  and  Reiset  aad  others.  Hanriot  obtained  an  R.  Q.  =  1^28 
in  man  fed  on  dextrose.  Pembrey  has  observed  an  average  respira- 
tory quotient  of  l'2l  in  a  marmot  during  the  stage  of  fattening. 
Id  rats  after  a  rich  meal  of  carbohydrate  he  and  Spriggs  have 
obtained  R.  Q.  of  1"17,  These  high  quotients  are  due  to  increased 
output  of  COj,  Tiot  to  decreased  intake  of  0,.  Laulanie  has  ob- 
served R.  Q.  above  unity  in  dogs  fed  on  much  bread  or  sugar.  As 
to  the  possible  seat  of  this  transformation,  it  is  worth  noting  that 
Leathes  finds  that  hver  pulp,  when  suspended  in  Ringer^s  solution 
and  aerated,  forms  10-40  per  cent,  more  fat  than  it  originally 
contained,  and  the  amount  formed  is  increased  by  the  addition 
of  glycogen. 

The  fat  foimed  from  carbohydrate  seems  to  contain  more 
stearm  and  palmitin  and  less  olein. 

In  gCL-sa  Fe<t  on  potatoes  Rosenfeld  found  the  fat  put  on  of  higher 
tn^ltLug-point  and  poorer  ia  olein  with  an  iodine  number  63,  while  the 
iodine  number  of  normal  gooflo  fut  was  79-  He  found  the  same  kind 
of  hard  fat  put  on  in  dogs,  rabbits,  duck^  and  carp  when  fed  on 
carbohydrates. 

The  iodine  number  of  the  body  fat  of  various  carnivorous 
animals  approaches  that  of  the  fat  on  which  they  feed-  Rosenfeld 
fed  a  dog  on  mutton  fat,  and  then  for  a  month  on  food  in  which 
no  fat  was  given.     At  the  end  of  this  time  the  body  fat  had  still 

'  "  The  conversion  of  tbe  reaorbed  nutrients  of  tbe  food  into  tbe  ingredientH 
of  tissue  iDvolves  profound  chemical  changes,  and  we  can  hardly  suppose  these 
lakf  place  without  somR  evolutji^n  uf  heat."  Johansson,  Tigersteilt,  Sc,  compute 
that  IQ  per  cent,  of  Che  total  energy  of  reaorbed  food  is  thus  spent. 
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tM  the  charftfiteristicfl  of  muttoo  fat.  Rabbits  fed  on  barley  have 
fat  like  barley  oil.  Green-food  eaters  have  a  hard  fat  poor  in 
olein,  aeed-eatf^ra  n  soft  fat.  Hoi^es  fed  on  oats  have  a  soft  fat, 
on  hay  a  hard  fat.  Hard  fat  is  characteristi*:  of  fat  derived  trom 
carbohydrate  food.  If  there  ia  some  fat  and  much  carbohydrate  in 
the  food  the  body  fat  takes  on  the  character  of  the  fat. 

In  the  formation  of  catholiydrflto  into  fat  a  higher  eompound 
is  built,  and  ener^  must  therefore  be  expended,  and  thuB  food 
fat  ia  laid  on  iii  preference. 


The  0R)4iiN  OP  Body  Fat  out  of  Food  Fat 

Hoffmann  faated  a  dog  30  daj-s  till  the  body  had  lost  39-5  per 
cent-  of  ila  weight,  and  was  almost  fat-free;  then  fed  it  for  five 
days  with  hoAicn  fat,  giving  370'fi  grni.  fat  and  494  grm.  proteid 
daily.  The  dog  put  on  1353  grm-  fat,  of  which  not  more  than 
131  grm,  could  have  arisen  from  the  ptotcid  assimilated. 

Henriquca  and  Hanaen  fed  two  pigs  for  nine  months  with  barley 
meal  to  which  they  added  linseed  or  cocoa-nut  oil.  Samples  of 
Bubcutaneoua  fat  were  exeiaed  from  the  bac^k  at  intervals  of  Lime, 
and  showed  ahLjndant  deposit  of  thefie  oila. 

Munk  fasted  a  dog  for  19  days  to  a  loss  of  32  per  cent,  body 
weight.  In  the  next  14  dft}"s  he  gave  altogether  3200  grm,  meat 
and  2850  grm.  mutton  fatty  acida.  The  body  weight  increased 
17  per  tAsnt..  and  he  aefjarated  from  the  dog's  body  no  leas  than 
1100  gnn.  fat  with  scissors  and  acalpel  Thia  fat  melted  at  40% 
while  normal  dog'a  fat  melts  at  20'  C.  Fctding  rape-seed  oil  to 
f&Bted  dogB  he  obtained  a  fat  Huid  at  bo<ly  temperature  containing 
17  per  cent,  more  oleic  acid  than  normal,  and  some  erucic  aeid, 
which  irt  a  coiiatiluent  of  rape^need  oil.  Erucic  acid  wiw  also 
detected  in  the  chylo  in  a  man  >vith  a  QstLiia  of  the  thoracic  duct 
to  whom  this  oil  waa  given. 


Quantitative  Relations  of  Feeding  Fats 

When  RubTier  gave  more  fat  to  a  previoualy  faated  ajiimal  than 
was  sufficient  to  cov^r  the  amount  of  body  fat  metabolised  during 
the  fa3t>  he  found  83  to  92  per  cent-  of  the  excess  was  stored  up 
in  the  body.     Pettenkofer  and  Voit  calculated  that  87'S6  per  cent. 
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was  deposited  when  fat  was  added  to  a  ration  already  more  than 
sufficient  for  inainlpnanRe. 

On  the  other  band,  in  the  case  of  pt^anut  oU  added  to  a  mainten- 
ance  ration  Kellner  found  only  Oh'i  to  CI  per  cent-  of  the  fat  stored- 
The  loHa  of  energy  here  implied  euggoste  that  the  fat  underwent 
inole<:ular  changea  after  assimilatioa  and  was  converted  in  part  into 
animal  fat^ 

To  sum  up,  thrn,  oiperiineuts  hIiow  tliat  food  fat  is  stuted  up 
m  the  dcpota  aa  body  fat.  and  that  excels  of  oni^  kind  of  food  fat 
inodi£ea  tho  characters  oi  the  depot  fat  to  that  of  ths  food  fat. 
How  far  the  opj,'aniflm  etrivea  to  adjust  the  food  fat  to  a  normal 
standard  ppealjar  to  the  individual  is  uiideter mined. 


Fat  as  a  Sodrce  of  Energy 

The  well-being  of  an  adult  animal  is  not  conditional  upon  tht 
maintenance  of  any  fixed  relation  between  the  fat^n  carhohydratea, 
and  proteids  in  the  food  supply,  apart  from  the  minimum  proteid 
ration  which  is  absolutely  nRcesaary  to  cover  body  Iobb.  Thd 
organiam  haa  the  power  to  uae  all  three  I'ksaes  indifTerently  for 
the  manifestation  of  its  energy.  A  fnuttng  animal  uhcb  up  its 
body  proteid  and  fat,  Froteid  fed  in  exceas  of  the  amount 
metabolised  during  starvatioa  aerveij  as  a  source  of  biotle  energy 
and  taken  the  y)la(^e  of  bwly  fat.  The  }n>rtion  of  t)ie  pmteid 
BUpply  which  tbuH  aerves  as  a  source  of  energy  may  be  replaced 
indLllerently  by  fat  or  carbohydrate.  Thus  in  a  dog  brought  into 
equilibrium  on  a  ration  of  1500  gna,  meat,  the  feeding  of  only 
100-200  grm.  fat  or  carbohydrate  makes  it  possible  to  dispense 
with  no  less  than  two-thirda  of  the  proteid. 

The  taking  of  proteid  stimulates  the  metabolic  activity  of 
the  cells,  so  that  cleavage  of  the  fed  proteid  rapidly  takes  place, 
and  the  excretion  of  nitrogen  keeps  pace  with  the  intake.  The 
non -nitrogenous  foodii  flatten  out  the  curve  of  nitrogen  escretion 
wbicb  follows  the  intahe  of  proteiij^  and  by  their  aimultaueous 
absorption  lessen  the  rate  of  it^  cleavage. 

The  minimum  amount  of  nitrogen  on  a  diet  of  proteid  and  fat 
lies  between  130  per  cent,  and  160  per  cent,  of  the  amount  of  nitro- 
gen excreted  during  fasting.  With  a  very  large  supply  of  carbo- 
hydrate, on  the  other  band,  the  N  intake  may  be  reduced  even 
below  the  output  during  fasting.    Thus  Siven  maintained  himself 
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on  a  diet  containing  4'52  grm.  N,  leaa  than  one-third  of  that  m  an 
ai^erage  man's  diet.  Many  plij^iologiata^  especially  Chaiivean  ami 
liU  achocl,  li&vc  fluppo9cd  that  isodynamic  amounts  of  fat  und  ciirW 
hydratfl  (which  yield  the  aame  number  of  Caloriea  wIiro  burnt 
with  Ofl  in  a  bomb  calorimeter]  are  not  of  equal  worth  gw  a  source 
of  muacular  enep^y.  They  teach  that  sugar  ia  the  sole  sourt'o  of 
thiH  energy,  and  that  fat  must  be  converted  intn  sugar  before  it  can 
be  utilised.  In.  the  bomb  calorimeter  1  grm.  fat.  is  isodyiiamic  with 
^'^G  grm.  dextrose ;  hut  after  conversion  into  sugar  it  is  only  equal 
to  1'6  grm-    In  place  of  9^5  Cal.  it  equals  after  oonveraion  6-07  Cal. 

Now  we  have  no  mean3  of  determining  what  part  of  the  ener|ry 
of  the  body  ccm^  from  proteid,  fat,  or  carbohydrate  in  the  body- 
There  is  no  pnJCif  that  the  body  makes  any  distinction  between 
thoa&  food-atufTa,  The  whole  supply  of  energy  is  used  as  a  whole 
for  the  bodily  needs,  la  any  given  experiment  wo  can  dctennino 
the  amount  of  protcid,  fat,  and  carbohydrate  metabolised,  and 
the  amount  of  work  done,  but  we  cannot  tell  what  part  of  each 
of  these  Htnfb  is  metabolised  in  performance  of  the  work- 

Atwater  has  settled  the  question  by  placing  a  roan  in  Lis 
reapitation  caloiimatcr  on  a  diet  not  quite  sufficient  for  nuuntoD- 
ance,  bo  that  the  food-atuHs  were  used  with  the  greatest  economy. 
The  same  amount  of  easily  digestible  proteid  was  given  each  day, 
the  name  arnount  of  external  work  done,  and  as  the  cuiiditions 
of  life  and  temperature  were  uniform,  the  same  amount  of  energy 
was  produced,  ¥at  was  fed  in  addition  to  the  proteid  in  one  oaae 
Rnd  carbohydrate  in  the  other.  In  each  caeo  the  same  iaodyiiamic 
value  of  the  food-stuff  was  given^  If  under  these  conditions  the 
losi  of  boly  MibftUnce  is  greater  in  one  case  than  In  the  other, 
Then  it  is  duar  that  one  food-stuff  baa  &  lower  value  than  the 
other,  as  a  aourcc  of  muacular  energy. 

The  following  is  the  average  of  four  osperiments  on  an  athletic 
■tudent,  lasting  Bfteen  days  altogether  : — 


WM. 

EnexsTctt 
FooL 

HUfc  Won. 

fiDunty  os 

aiMlHnl  In 

BoOr 
i^xidlHd. 

CarWItTilrftic  ind  pratdd  - 
Fil  )iad  pr^kid 

4532 
4524 

fi&B 
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The  concLuHion  from  these  esperimenta  U  that  the  worth  fat 
»  to  that  of  carbohydrate  as  95-5:l0i>,  while  lE  Chauveau'a 
view  were  true  it  would  he  as  04  :  103.  The  dif!erente  found  by 
Atwatei  ifi  very  amall,  and  may  be  an  iadiyidiia]  peculiarity. 
Kubner  also  concluded  that  fat  and  carbohydrate  replaced  each 
other  when  ^iven  in  isodynanuc  amounts. 

In  the  fasting  animal  the  R.  Q.  may  sixik  below  that  of  an 
animal  M  on  fat-  This  must  be  due  to  the  conversion  of  some 
proteid  cr  fat  into  sugar.  The  aanie  thing  may  happen  in  cases 
of  diabetes,  and  in  hybernating  animals  during  their  winter  sleep 
(Pombrey). 

To  what  an  extent  the  depot  fat  can  be  used  a^  a  source  of 
muscuJar  energy  is  shown  by  the  following  observation  of  Atwater. 

The  Hubject  pedalled  the  Erittiou  bicycle  16  lioiirs  out  of  the  24. 

The  whole  energy  expended  =  9S)81  Cal, 

The  energy  of  the  food  takeQ=  5138  Cab 

The  energy  taken  out  of  the  body  aubstance  =  4843  Cal, 

The  energy  derived  from  tissue  proteid  only  =  4T8  Cal. 

Afi  the  man  was  in  perfect  training  his  muscles  were  not 
overdone,  and  thus  the  proteid  metabolism  was  scarcely  increased 
This  experiment  strikmgly  shows  how  surplua  bixly  iat  can  bo 
taken  o9  by  hard  muscular  work. 


The  Wokk  or  Digestino  asd  Absobbiwg  Fat 

The  taking  of  food  increases  the   metabolism  of  the  fasting 

animal  owing  to  the  activity  of  the  digestive  or|i>anB — mastication, 
periatalsis,  glandular  secretion,  &c. ;  the  processes  of  solution, 
hydrBtion,  fcrmcnt-ation,  and  cleavage;  the  warming  of  ingeata; 
the  cleavage  and  sjTithetic  processes  of  absorption.  The  injection 
of  augar  or  egg-white  into  the  circulation  does  not  provoke  any 
Buch  increased  expenditure  of  enei^y  (Zunta,  v,  Meliring), 

The  avtituge  metnbobsm  of  a  fasting  man  resting  in  bed  was 
2022  Cal  When  over-fed  his  metabolism  became  2ol7  Cal. 
(Johansson,  Tigeratedt,  &o.}- 

Fat  fed  to  fasting  dogs  in  2-3  hrs,  increases  tho  0^  iiae  12  per 
cent.  The  muximum  is  n^ached  in  5-9  hrs.,  and  the  effect 
is  over  in  12  hrsn  A  large  ration  of  fat  may  increase  the 
espenditurc  of  energy  10  per  cent.     The  R.  Q.  sinks  almost  to 
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that  of  the  oiidatioii  of  fat.  Carbohydrate  raisea  the  meta- 
bolism double  aa  much  &a  fat,  and  prot^id  when  fed  in  large 
amounta  may  increase  it  DO  per  cent,  as  so  much  rapidly 
nndergoea  chemical  cleavage, 


The  PurriNG  on  of  Fat 

Flesh  caunot  be  put  on  by  over-feeding  proteid,  uuleaa  the 
diet  be  accompanied  by  bodily  eflort,  with  the  exception  of  con- 
veleacentft  and  children.  In  auch  cases  N  will  be  retained  even 
on  an  inaufficient  diet,  and  much  more  ao  on  a  rich  one.  The  de- 
port oi  fail  on  the  other  hand,  is  directly  dependent  on  the  amount 
oi  food  asaimilattid.  Fat  ean  be  put  on  (Ij  by  Jncreaaed  food»  (2) 
by  leasened  expenditure  of  energy,  (3)  by  these  two  causes  acting 
together,  and  this  Is  the  common  case, 

A  man  requires  a  daily  diet  equivalent  to  about 

30  Cal-  per  leg.  of  body  "weight  vhen  rentipg  in  bed. 

40-45  Cal.  per  kg.  of  bodj  weij^lit  when  doing  moderitu  workn 

45-50  Cal.  per  kg,  of  bod^  voight  when  doing  fltreiiuouB  work, 

(1  grm.  proiffi!=;+'l  Cal.     1  grm.  fct^U-S  Oil.     1  gmi.  CHTb.^^il  ColO 

About  l-3-l"5  grm.  proteid  pot  kg.  muat  be  in  the  food— e^. 
a  man  o£  70  kg.  requires  90-115  grm.  proteid  =  370-470  Cal. 
Chittenden  flays  only  half  the  amount  of  proteid  given  in  ordinary 
diet-tables  ia  necesaary'  He  has  kept  eoldiera  in  full  vigour  and 
perfect  health  on  tbia  amount,  increasing  the  carbohydrates  pro- 
portionately. The  lean  require  relatively  more  proteid  and  the  fat 
I«sa,  because  the  proportionate  weight  of  li'sing  acUve  cells  is 
greater  in  the  fr}rEuer.  The  tall  lean  man  also  requires  more 
Calories  than  the  short  fab  man,  because  in  the  foroier  the  surface 
expofluie  in  proportion  to  body  mass  is  much  greater. 


Fattening  by  Over-eating 

In  the  matter  o£  fattening  the  whole  question  is  one  of  the 
balance  of  intake  and  output  of  energy.  The  popular  idea  that 
potatoes  are  more  fattening  tlian  bread,  bread-crumb  than  (^niat, 
beer  than  wine,  is  baseless;  the  oaly  thing  of  moment  is  the 
potential  energy  of  the  food, 
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Suppose  a  man  of  70  kg.  is  living  on  40  GaL  per  kg.  per  diem, 
or  2800  Cal.  made  up  thus : — 

120  grm.  protoid  -    492 

150    „    fftt  =  1395 

30     ,,     ftlcohol  ^     310 

170     „     carbohydrate  =   700 
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an 


extra  300  Calories  can  very  easily  slip  into  his  diet  by 
some  slight  change  of  food  or  mode  of  cooking.  Thus  frying  or 
cookiiig  meat  as  ragouts  may  double  the  Caloric  worth  of  the 
meat  by  adding  fat.  Taking  an  equivalent  weight  of  bread  In 
place  of  potatoes  gives  double  the  Caloric  worth  of  the  latter. 

109  grm.  (  3'7  o^l.  approx.)  bread 


300  Calories. 


An  extra  300  Calories  put  on  as  fat  would  equal  abo.it  32  grm. 
This  gives  more  than  11^  kg.  of  fat  in  the  year,  ct  1%  kg,  of 
adipose  tissue  (the  latter  contains  water)  (v.  Noorden). 

Alcohol  is  not  a  fat-builder  but  a  £at-sparer.  It  is  easily  burnt 
and  takes  the  place  of  fat  or  carbohydrate.  1  grm.  alcohol  =  7 
Cal.  — 0'7  grm,  fat  or  1"7  grm,  carbohydrate.  50  grm.  is  con- 
tained in  a  bottle  of  wine,  or  about  three  pints  of  beer.  Alcohol 
thus  often  takes  a  very  large  part  in  the  causation  of  obesity. 

Lessening  of  water  in  the  day^H  ration  has  been  extolled  as  a 
cure  for  obesity,  firstly  by  drying  the  body  {this  can  be  only  a 
slight  temporary  effect),  and  secondly  by  lessening  the  appetite. 


370    „     (13 

t         )  potatoes 

75   „     (  2-6 

,          )  cbeese 

36    „     (   1-3 

,          )  butter 

300    „     (10-6 

,          )  lean  raw  beef 

200    „     (  70 

)egga 

83    „     {  30 

,         )  Bausage 

500  c,c.   (17-5 

)m]]k 

Fattening  by  Lessened  Expenditure 

This  may  be  easily  brought  about  by  change  in  habit,  illness,  or 
injury.  Suppose,  for  example,  a  buainefls  man  of  70  kg.  and  of 
regular  habits  lives  in  a  flat  fifteen  metres  up,  and  ascends  four 
times  a  day.    Suppose  he  changes  his  dat  to  the  ground  floor.    The 
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energy  spent  in  climbing  =  15  x  4  x  TO  =  4200  kg.  Now  only 
30  per  ceotn  of  the  muscdar  energy  appears  &9  external  work. 
Theceloro  the  total  chuibing  energy  —  IJUO  kg.  But  -k'lo  kg. 
=  1  Col.  Therefore  14,000  kg.  =  32-9  Oal.,  and  thia  is  equiv*- 
lent  to  3'M  grm,  £at.  In  the  year  this  equals  1'3  kg,  fat,  or  1"87 
kg,  adipose  tissue  (v.  NoorJen).  Whether  the  man  puts  on  fat 
or  not  depends  on  whether  hia  appetite  lesaena  m  consequence 
of  the  lessened  expenditure.  With  incrcaaing  age  and  growing 
wealth  there  id  growing  tendency  to  take  more  alcohol  and 
richer  food,  to  use  caba  instead  of  walking,  to  shrink  from  ex- 
poaure  to  cold  and  live  in  over-heated  rooms. 

Womeo  with  child  are  especially  liable  to  get  fat,  aa  they  both 
eat  and  rest  more. 

The  following  tignreg  illustrate  the  30eot  oF  rest  and  n>(rtif>sBne8a 
on  raBtaMif^m, 

A  fftatiiig  man  during  aloep  eicrobed  on  the  average  7-343  grin. 
CO.,  ptr  kg,  per  diam,  while  during  &  restless  sleep  he  secreted 
8-135  grm. 

A  dog  lying  down  excreted  174'3  g.c.  O^  per  mtn. 
,,      stAniliog  up       ,,        245  6  c,c.  „ 

A  tottc  fasting  and  lying  in  bed  in  ttie  ordinary  way  excreted 
24^94  grm.  GO^  pet  hour ;  while  wilh  cGinplete  muscular  relaiiiLinn  he 
eKcretod  2(J'72  por  hour. 

Zunti  found  the  uietaholtam  of  a  horse  hi  tlie  respiration  chamber 
distinctly  inore«flod  by  th«  presence  of  a.  few  dies. 

In  70  per  cent,  of  the  caaea  o£  obeeity  there  la  an  hereditary 
tendeney.  Certain  races,  euch  as  Hungarians,  Lapps^  Jews,  and 
Dutchmen,  are  especially  characterised  by  a  full  habit  of  body- 
In  certain,  but  rare,  casea  obesity  is  dae  to  an  anomaly  of 
protoplasmic  metabolisniT  consisting  in  a  lessening  of  the  eneigy 
of  decomposition,  a  greater  economy  in  working  the  bodily 
machine.  Individuals  difler  greatly  in  this  respect.  There  are 
pigB  that  put  on  tiesh  and  pigs  that  put  on  fat :  and  so  it  id  with 
men.  In  two  pigs  of  almost  equal  weight,  ohfierved  by  WeJake 
and  Wild,  A  used  401  Cal.  per  kilo,  and  B  only  34-0,  A  put 
on  20"9  per  cent,  of  the  absorbed  carbohydrate  aa  fat,  and  B 
41  per  eonfc.,  while  A  increased  ita  proteid  Hfi  per  cent-^  aiuli 
B  only  1204  per  cent  I 

Von  Noorden  quotes  the  oaae  of  a  man  weighing  102  kg., 
who  daily  walked   8  km.,  was  on    hia  feet  all  day,  and  tvio« 


THE  EFFECTS  OF   OBESITY 


309 


mounted  a  bill  lti5  m.  liigli.  Plftced  on  ti  strict  diet  eqaivabnt 
to  2000  Cal  for  three  montha,  tie  lost  only  i  kg.  in 
three  mantba.  On  the  other  handn  a  man  who  worked  7  hra. 
at  a  desk  and  took  easy  exercise  on  the  level  for  3  hrs.  a  day 
lost  7  kg.  in  2  montba  on  the  same  diet.  He  aUo  gives  the 
aHtonisluTLg  ciiac  of  a  woman,  who  'khh  of  spare  habit  up  to 
55  yeara,  and  became  after  this  fatter  and  fatter.  She  kept  hcraelf 
on  the  following  diet,  equal  to  'JOO-ICOO  Cal.  :— 

8  A.Jd.,  ca^  of  I>luck  cofTee. 

10  ,,  1  egg  and  I  .Mbort  bisfruit. 

]t  noon,  T  11/,  Jijiple  mid  h  ]»iiit  white  wine. 

2  P.M.,  cup  of  black  oofibc. 

4  ,,  2  Dra,TigeA  s.iid  2  All>ert  biac'nic>t. 

6  „  il.  milk, 

B  ir  ^  ^g^}  ^  ^z-  J^ppl^t  i  pi^t  ^liito  ^vine. 

JO  „  ^liiaa  of  suh^er  wjLl^r. 

And  in  spite  of  it  put  on  ^  kg-  in  ^  weeks.  She  showed  no 
Bign  of  (pdemji,  and  her  strength  aepmed  uEimfiHired,  In  such  d 
case — if  the  Aoman  did  not  Ue — the  lamp  of  life  must  hum  at  a 
lower  level— in  other  words,  the  internal  work  of  the  body  muat 
bo  run  more  oconomicoUy  than  in  moat  of  ub. 

The  net  available  energy  of  the  sbaorbed  food  equals  the 
gross  available  energy  minus  the  work  of  digestion  and  assimila- 
tion. It  is  possible  that  this  ia  done  more  economically  in  some 
than  in  others.  Likewiae  in  some  the  ratio  of  external  work  may 
be  greater  in  proportion  to  the  heat  produced  by  muscular  work. 
Tn  the  ordinary  man  not  more  than  20  per  cent-  of  the  total 
energy  appears  as  external  work,  while  in  the  highly  trained  an 
efficiency  of  30  per  cent,  may  be  attained.  Pregnant  animals 
when  starved  waate  more  slowly  than  others.  It  ia  said  that 
their  metaboHgRi  runs  at  a  lower  level  in  the  interest  of  the  young 
they  carry;  but  this  requires  exact  confirmation. 


TnE  Effects  or  Obesity 

The  extent  and  rapidity  of  the  bodily  movements  are  lessened- 
A  man  of  120  kg.  mounting  stairs  docs  double  the  work  of  ono 
o£  60  kg.  The  temperament  becomes  phlegmatic.  Fatigue 
quickly  indnced.    Fat  in  the  belly  and  mediastinum  may  limii 
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respiratory  excurBion,  and  by  lessening  the  suction  ioroe  of  tbe  re- 
spiratory pump  impede  tlie  return  nf  venous  blood-  TSie  eftinency 
of  the  heart  Is  diiiiiiushud  by  the  weight  of  fat  on  its  subHtnnce. 

The  tendency  to  obesity  can  be  met  by  a  diet  of  lean  meat, 
green  vegetables,  and  fruit.  By  taking  potatoes  or  ci>ar3e  brown 
bread  with  much  waste  in  placo  of  white  broAd.  By  avoiding  all 
food  cooked  with  fat  or  flour.  By  leaaemng  appetite,  by  drinking 
between  and  Lot  at  meal  times. 

The  following  diet  of  von  Noorden,  given  to  a  man  of  average 
height,  will  with  ayateraatic  muscular  exercise  in  many  caaca  Icaaen 
fat  by  10  lbs.  in  the  tot  month,  and  o  Iba.  in  the  next  two  months. 


130  grm.  [3i  oz.  appros.)  \ana  meat 

=    130  Cal, 

1   L  {\\  pint     „      )  milk 

=   600    „ 

1   I  m  pint     ,,     ]  buttermilk 

"   450    ,. 

200  gi-ta.  (7     oz.        ,t      )  potatoes 

-    160    „ 

100  grin,  l^  oz.       ,.      )  bkck  bread 

=    180    .. 

100  grm.  (3J  02.       „      )  raw  frail 

=     *o  ., 

Coffee  ad  lib. 

-., 

J5G0  CaL  t,&  J 

a  normal  diet. 

Mountain  climbing  is  the  most  efficient  means  of  relieving  ft 
robust  man  of  surplus  fat.  Climbing  sHould  be  regulated  so  as 
never  to  disturb  deep  and  regular  breathing.  Quick  auperficJAl 
respiration  overburdens  the  heart,  The  iTifiucuce  of  cUmbing  is 
shown  by  the  fact  that  proteasing  one  metre  on  the  level  usee 
up  0'1199  c.G,  0,  per  kg,  of  body  weight;  climbing  one  metre 
uses  up  1'4425  c.c,  0„  per.  kg.  of  body  weight. 

Massage  has  no  e^ect  on  metabolism,  and  cold  baths  have 
HttJe  efiect  unless  combined  with  friction  to  produce  vaao -dilatation 
and  loss  of  heat- 
It  hfls  been  an  article  of  faith  that  castration  leasena  the  rat« 
of  osidatioD  aud  increases  fattening,  but  this  LOetige  has  failed 
to  confirm. 

The  feeding  of  thyroid  gland  increases  the  0^  use  and  CO, 
output,  and  in  many  cafies  thel^"^  mctaboham.  In  some  It  leasena 
fat,  in  others  not.  It  may  cause  glycosuria,  nervous  symptoms, 
and  palpitation  of  the  heart,  and  is  not  a  treatment  to  be  re- 
commended. Less  food  and  mure  exercise,  and  especially  tbe  latter, 
ia  the  one  and  only  remedy  for  fat  people. 
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Want  of  a  proper  amount  of  depdt  fat  destroys  the  grace  of 

the  figure,  and  deprives  the  blood-vessels  and  viscera  of  the 
elastio  coshions  with  which  they  are  naturally  supported.  A 
tendency  for  congestion  of  the  blood  in  the  lower  parts  and  a 
falling  down  of  the  abdominal  viscera  results  therefrom. 
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CHAPTER  XIT 

THE   METABOLISM   OF  THE   CdMOHVDMTES 

CARBoHTDitATEs  comtitute  the  greater  proportjoa  of  f>ar  dietary. 
The  apptoidinate  composition  oE  the  diet  of  a  jnan  of  averftge 
weight  (TO-7.^  kg.)  doing  a  moderate  amount  of  muai'iilar  work  is. 
a<:cording  to  Baake,  prateid  100  grm.,  fat  100  grm.,  carhohydrate 
240  grm.,  and  when  muscular  work  is  undertaken  the  amount  of 
carbohydrate  m  UBUally  much  in  cxcoea  of  this,  viz.  400-700  grm. 

The  greater  proportion  of  thia  carbohydrate  is  taken  in  th* 
form  of  starches  ( poly aacch arid e»i),  some  aa  cellulose,  and  the 
remainder  as  sugar.  During  digestion  all  carbohydrates  are  re- 
solved, by  the  Tarioua  amyiolytic  and  inversivc  fcrmenta,  into 
simple  eugars  (monosaccharides),  and  it  la  as  such  that  they  arc 
ahaorhed  into  the  portal  }>lood.  A  study  of  their  metabolism 
starts  from  this  point — ».«.  from  the  moment  at  whic^h  they  enter 
the  circulation  as  simple  sugar — it  then  ccnsidera  what  role  the 
sugar  pjpya  in  the  production  of  energy  and  in  the  uutrition  ot  the 
ti^iies,  and  it  enda  with  an  aeeount  of  what  becomes  of  the  used-up 
Hugar-^.c.  in  wliat  form  or  fonna  it  ia  excreted  from  the  system.^ 

We  see,  then,  that  a  very  large  amount  of  carbohydrate  ia 
taken  each  day  in  the  food.  If,  however,  an  examination  of 
the  varioua  esoreta^urine  and  fffices — be  made,  eo  trace  of  au^ar 
under  normal  conditions  will  be  found  in  them.  The  ingested 
sugar  muat,  therefore,  become  eonverted  in  its  passage  through 
the  orgarusm  into  something  not  sugar,  and  since  it  is  plainly 
impossible  that  any  large  amount,  at  least,  can  be  built  up  into 
the  tissues — else  would  the  organism  very  soon  assume  enorraoua 
dimensions — we  are  driven  to  the  concJuaion  that  it  ia  oxidised, 
and  thus  converted  into  carbon  dioxide  and  water  An  examina- 
tiou  of  the  expired  air    shortly  after  a  carbohydrate-rich    meaJ 


'  Spaeo  iu  thifl  firticlo  will  not  permit  of  ah  aooouni  of  the  cbBraiBtry  of  Ihe 

urbolijdtatfia  i>of  cif  tbe  chcmic&l  proccAf^ca  wbicb  ihcj  utidergo  during  tlieir 

di|>e5tioii.      TliG  oecessfirj  lofcirtiialiDii   on   tbe^e   puinla  will  b«  foQDd  in  *iij 

of  tbs  elffineDtBr?  text-bookB  oa  FlijaiologJcal  CbduiEtrj. 

SU 
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has  been  taken  wil!  plainly  demonstrate  that  this  fiuppcaition  is 
correct,  although  the  increased  excretiou  of  carbonic  acid  may 
not  be  m&rked  for  eoine  time  aft«r  the  tiieal.  As  we  ahall  see 
later,  much  of  the  carbohydrate  which  is  not  inimodiately  re- 
quired becomes  laid  aside  in  the  tissues  in  a  modified  form  to 
be  afterwards  called  upon,  when  required  hy  the  organism,  to 
aasut  m  carrying  out  the  proceaaea  pE  niet&bohHm. 

Indeed,  very  aoon  after  its  abaorptioo  into  the  blf>od — it  being 
by  thia  path  and  not  by  the  lymphatics  that  carbohydrates  are 
absorbed  into  the  organism — the  carbohydrate  undergoes  a  ehange. 
When  absorbed  intpo  the  blood  from  the  gastro-inteatriiLAl  tract 
the  carbohydrate  is  in  the  form  of  a  reducing  sugar,  and  as  such 
it  may  be  detected  in  large  amount  in  the  portal  blood.  If,  on 
the  other  hand,  the  blood  of  the  af/sUmic  circulation  be  examined, 
only  a  very  small  amount  of  reducing  sugar  will  be  detect*ib[e  in 
it,  and  this  is  true  even  after  a  very  liberal  carbohydrate  diet  has 
been  taken.  Aa  the  result  of  numerciim  cbservatEons,  it  has  been 
flhown  that  under  normal  condrtions  the  Byatemic  blood  contains 
from  0'05-0-2  per  cent,  of  reducing  Bugac.  It  has  also  been 
found  that  any  increase  ovar  this  amount  of  sugar  in  the  blood 
(which  condition  iii  called  hypergtycoimta)  is  at  once  followed  by 
the  appearance  of  the  excess  of  RUgar  in  the  urine;  in  other 
worda,  a  condition  of  fflifcosuria  ia  estabUahed.  With  a  normal 
percentage  in  the  blood  the  kidney  allowe  none  of  the  sugar 
to  pass  into  the  urine,  bat  whenever  this  percentage  ia  exceeded 
immediate  leakage  of  the  exeeBB  through  the  kidney  filter  occurs. 

4  Allowing  5000  c.c.  for  the  amount  of  blood  in  a  full-gtown 
mani  wc  sec  that,  at  moat,  only  about  10  grm.  of  the  absorbed 
angar  oan  bo  accounted  for  in  the  blood.  Nor  can  we  account 
for  the  sugar  in  a  free  state  in  the  tissues  {e.g.  muscles),  for  if 
these  be  examined  in  a  peifectly  fresh  state  only  the  minutest 
tracies  of  sugar  will  be  fomid  in  them- 

In  contraat  to  the  systemic  blood,  the  amount  of  eugar  in  the 
portal  blood  will  be  found  to  show  great  variation,  according  to 
whether  absorption  of  food  from  the  intestine  be  in  progress  or 
not.  During  fasting,  the  percentage  will  be  seen  to  Ite  the  same 
as  in  the  systemic  blood,  but  during  absorption  to  be  much 
higher  than  this  {0'2-0'4  percent-)- 

If  we  consider  what  the  cause  of  this  ditlerence  in  their  augar 
content  between  the  two  forms  of  blood  can  be,  we  are  at  once 
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led  to  ]tx>k  to  some  function  of  the  liver,  for  all  tbe  bluod  muat 
pasa  througli  this  organ  on  its  way  from  tte  intestines  to  the 
tisauca.  Wo  muat  aasumc  that  thia  organ  is  endowed  with  some 
function  whereby  it  retaioB  the  excess  of  sugar  in  th«  portal 
blood  and  prevents  iU  overflowing  into  the  systemi<i  drcidal.ion. 
anU  thua  creating  a  condition  of  hype^glYc^?IIlia^  and  cooaesjuentlj 
of  glycoauria.  If,  however,  the  liver  be  examined  for  sugar  in  a 
perfectly  fresh  stateT  and  even  after  a  meal  rieh  in  carbohydrates, 
it  will  he  found  to  contain  only  a  very  small  amount,  ao  that  the 
excess  of  sugar  wliirh  this  organ  seemj*  to  remove  from  the  portal 
blood  cannot  be  retained  ia  it  as  sugar. 

It  must  be  as  something  else,  That  the  liver  does  contain 
somo  aub&tarice  closely  related  to  sugor  was  shown  in  IHitft  by 
Claude  Beinard.  He  found  that  whan  the  Uver  was  perfused 
through  its  b!uod-vesseU  with  water,  until  the  washings  were 
sugar  and  protPid  free,  and  then  was  allowed  to  stand  over  night 
at  room  temperature,  a  large  amount  of  sugar  reappeared  in  it. 
From  thie  result  Bernard  concluded  that  by  aome  pont-moHein 
proceas  sugar  had  been  formed  in  the  liver  out  of  some  aubatance 
not  Bugar^ 

Claude  Bernard  (^)  in  135?  discovered  thia  aubetance  to  be 
ghjcagtii,  and  dating  from  that  diacoYcry  great  strides  have  been 
made  in  the  subject  of  carbohydrate  metaboliam. 

At  most,  however,  the  liver  contains  only  10  per  cent,  rf 
glycogen,  and,  if  we  allow  I.jOO  grci-  for  the  weight  of  the  liver  of 
a.  full-grown  man,  we  can  account  in  this  way  only  for  150  grm.  of 
the  sugar  absorbed  from  the  intestine;  and  indeed,  not  for  ao 
much  as  thia,  for  the  liver  still  contains  a  considerable  amount 
of  glycogen  after  fasting,  unleaa  this  be  of  long  duration  (see 
p.  324),  There  must,  therefore,  be  in  the  organism  other  places 
besides  the  liver  in  which  the  excess  of  sugar  is  laid  by  in  some 
modihcd  form.  The  muaclca  contain  aomctimea  as  much  aa 
I  per  cent,  of  glycogen,  so  that,  collectively,  they  could  probably 
hold  as  umch  of  thin  aabstance  aa  the  liver  does.  In  these  two 
depfits  (liver  and  mnsclea)  there  might,  therefore,  be  laid  aside 
as  glycogen  about  ilOO  grm.  of  sugar.  But  otir  diet  often  contains 
much  more  carbohydrate  than  this,  bo  that  we  muat  conclude 
that  a  considerable  amount  of  carbohydrate  beeomea  con- 
verted into,  or  at  least  incorporated  with,  tii^sTiea  which  are 
not  carbohydrate  in  nature — Lr.  with  fat  or  proteid. 
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Witt  regard  to  tat,  there  is  no  doubt  that  carbohydrates  can 
be  ultimately  converted  into  it  (p.  2fl5)  in  the  organism  ;  but  this 
tranarormation  is  probably  too  slow  to  make  it  of  ruuch  account 
aa  an  immediate  means  oE  disposal  for  the  excess  of  carbohydrate. 
Pavy,  it  should  be  mentionedf  believea  t!ib  convevaion  into  fat — 
as  well  as  into  proteid — to  be  an  ever- occurring  procesa,  and  if  his 
views,  which  we  will  discuss  later,  be  accepted,  little  difficulty  can 
eKist  ill  explaining  what  becomes  of  thd  excess  of  ingeated 
sugar. 

Most  workere  agree  that  a  certain  amoimt  of  the  absorbed 
sugar  13  converted  into,  or  rather  becomes  incorporated  with,  the 
tissue  prot«idrit,  atid  in  thia  way  is  laid  aside  in  the  organism  ;  but 
juAt  how  much  is  thus  disposed  of  cannot  be  stated. 

As  the  presence  of  a  carbohydi-ate  group  in  the  proteid  molecule 
IS  now  fully  establishcii,  at  Icafit'-for  most  protcids,  nnd  sinco  tbo 
eitiblence  of  this  group  has  a  vpry  imporiaot  heni'ing  on  th&  whole 
question  of  caibobj-drate  metabolism,  it  will  be  advisiUe,  before  going 
further,  briofly  to  review  the  bio-chetnicu.!  wotIc  which  has  been  done 
on  thiit  subject. 

The  firfit  exhnuEiive  worlr  in  thie  diroction  welb  ilone  by  Schmiode- 
berg  (^).  Re  fdund  in  canihge  pitjteid  a  complex  pclyKaccharidB — 
chondroitiiu'tiulpLuric  Etcid<  By  h^drolyma  of  tfai^  substance  he 
obtaineil  chondro^iin  and  aeetlo  acid,  and  by  furtbtr  hydrolysis  of 
chondroma  he  thought  thzit  glycuronic  acitl  and  gliico.'^aDiiii  were 
formed.  Glycuronic  acid  is,  uhaniicaBy,  quite  closely  related  to 
desti'OHef  diffei'ing  from  it  oulj  in  that  the  end  CUOH  gi"OLip  la 
replaced  by  a  COOH  group.  Uiucosumin  haa  recently  been  flhovn 
by  Emil  Fischer  to  be  a-amido-glucose. 


CHaOH 


[CHOH)^ 
CEO 


CH^OH 

(CHOH)a 

CHNE, 

CHO 
(Gltit:osamiti) 


The  presence  of  glucosamin  in  cartilage,  if  true*  in  of  very  great 
interest  from  ti  hiiilogical  point  of  view,  for  it  Ih  nlan  found  as  n. 
cDOHtituent  of  the  chitin  found  in  the  carapace  of  Arthropods  (where 
it  is  also  in  union  with  acetic:  aci'])  finii  in  the  so-t^allod  cellulotje  of 
fungi  There  iH  t^so  renGon  to  beliirive  that  it  is  present  in  tho 
infioluble  residue  of  tubercla  batjilli. 
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Orgler  B.nd  Npul>erg  (^\  id  r  refrent  publicntioD,  have,  haw- 
evor,  cast  doubt  on  thv  preaenco  of  gluco«imiii  in  cliomlroBin^^  for 
they  have  succewipd  in  isol/itiog  from  tho  di'comjtositioii  products 
of  chonflrosin  isnlphati?,  a  copper  ialt  of  tetrao3yaTuiinM.flproic  acid 
(C^H^O,(OH)4NH^)„Cu,  with  which,  in  choadi'twui,  tht^y  show  it  ta 
ha  iiDpiirifiibV-  ipLat  glucuaoiniu  cai\  be  combiued.  Thej  conclude 
tbiF!  from  a  ci>mprLn£ori  of  tLio  fot^mulm  of  obomlroitin-JriiEpbiLric  acid 
and  telJiLOxy^uiiiiLociipruic  aoid,  aoJ  al?«o  rruin  their  iuabiUty  bi>  dotetil 
glucoB&min  or  tkny  related  body  in  the  decumpoaltion  products  vl 
chondrosiri,^ 

In  mucin  and  mucoid  h  hiut  for  many  years  been  known  that 
reducing  aubBtanc'es  nre  pi^^aenC.  In  the  duiit  fi^om  Lin  ovjirin.ii  i^yj^tj 
8chert:r^  hi  1852,  lUr^covejed  il  pmt^id,  ^hicb  lie  naiutid  metiilbumin, 
and  which  hy  boiling  with  w^k  OL'id  yiuldcd  n  reducing  Eiibfitance. 
Itp  b»»  ni\iii&  been  establi.'ihi-d  thuL  ^th^rer'n  niut^Llbumln  Is  mucin. 
The  moflt  eihiiustivo  work  on  the  c«,rbohydratea  in  mucin,  Jco.,  ia  by 
FriE>dHch  Miiller  and  hiH  piipiU('),  The  mctliod  uta^  by  thesa 
workers  con^i^ted  in  bydrulydiug  thb  mucin  1^ilh  Hj,SO^.  To  tbo 
raaiilting  solution  {with  or  without  previoun  Bppa.ration  of  protnidR) 
benzoyl  chloride  and  c4iuAtic  oikali  were  added,  whereby  a  pri^cipitdtg 
of  tb«  benzoyl  GBter  of  the  sugar  was  obtained,  Bj  n  detonoiantion 
of  the  nieltiug-puiiit  and  crydUil  fonn  of  this  comjHtiinfl  auit  by  itfl 
elementary  Qn^y^ia,  the  ^snct  n&ture  of  the  carbohydrate  was  n&eer- 
tained.  In  this  way,  ib  wafi  founrl  thut  Kputum  nnirln,  stocirLcb  mncin, 
ovo-mucin,  and  p4eudo-niui:in  contained  ghicosomin.  Bo  i&i,  no  other 
carboliydrate  than  tliin  has  been  diaeovered  in  mucin,  and  it  is 
probable  bbiit  btre,  ii»  in  cLitiu,  the  glucosaniin  'm  combined  with 
Acetic  acid- 
ic the  nucha-jnvieidg  ublnined  fiom  the  pand'ens,  tlijinua, 
thyi*oidj  spleen,  mubcloa,  ic,  tbtro  liaa  been  foundj  by  Hn.mmer- 
ateu  and  others,  tc  be  constantly  pteaent  a  pentose  group  which 
can  be  diasociatod  from  the  iiuclein  molecule  by  the  action  of 
acide.  Tbe  emot  vnriety  of  thi^  poutoi-«  in  the  nucleo-proteid 
of  the  pancreas  and  liver  bad  been  shown  to  be  ^aylose-  Certainj 
nucleo-pi'oteiJs,  e,y,  of  the  thymus  gUni  and  of  ysast,  also  contain^ 
hoxoses,  for.  as  Kossel  has  shown,  they  yield  Ireyulinic  acidf 
amongst  their  deeompotiition  products,  and  thia  can  only  come  froi 
hextises- 

It  ia  with  regard  to  hue  ptotddi  th^t  the  moat  interesting  rcaulte 
have  been  obtained,  ScJiutzenberger  was  the  first  to  dr^iw  attandon 
to  the  preaence  of  a  reducing  augar  in  egg  alfrtmiTt^     To   liberate 

^  Si{OH).  vas  fuiplojcd  oa  dtcomposiag  agoDL 
GLycuroD Jo  acid  alaa  cannot  be  prccect. 
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tliia  augar,  he  boiled  the  Zduciu-free  ftlbumin  witlj  itronji;  eulphuric 
ftcid.  Hb  further  stated  thnt  the  cu-rbohydiute  existed  in  the  proteid 
muleL^Lile  as  a  polysiU^cbiu'id{>  couLniziiii^  nittogea  iii  itdj  molecUa,  and 
which  ho  nameii  "ainide  cellulcnquo" 

Tlie  more  recent*  mtfthiirlh  whii-li  kmvri  been  ijse<l  to  atizcly  thi» 
carbohydrato  group  rtsolve  theinsclTea  into  two  clttMes ;  in  the  one 
of  the^e  aMd  is  used  tc  decompoiite  the  protetd,  and  in  the  other 
For  the  detection  of  li  t^rbohjdr^te  group  in  proteid  certaia 
r^iLCtionn  tna^  nlso  ho  employed. 

fictiug  en  e^g  idbLimin  Hibh  10  pE^r  ceiib.  caustic  [>obash  and 
neotraliaiDg  the  reaulting  eolation  with  acetic  acid,  Pavy  was  able 
to  ohtaio,  by  pi'ecipibatiou  with  aloohol,  a  gummy-liki'  iiiutiK  tvhich 
itaelf  bud  no  rcdut^ing  propertied,  but  which  when  boiled  with  mineral 
acids  yielded  a  reducing  flugiir  thought^  on  nceoimt  of  the  melting- 
point  of  its  oHQ^oncT  to  be  dextrose.  The  ^ammy-Kke  mibdtance  boa 
been  further  investign-tsd  by  Frnenkel  (^)  (using  Ba{OH)„  instead  of 
E0II)»  who  founil  it  to  ouatuia  nitrogen  aud  iiiimed  it  Aiimmiii.  Thia 
worker  was  able  to  obt&in  it  id'^  by  actiog  on  egg  olhumin  with 
gaBtric  juice.  By  the  hyt^ix^lyahi  of  albniniu  a  reducing  monoHe  wIpS 
obtftined.  l*angateia  i^-  *)  prepared  a  large  uraount  of  albaniin  by 
the  prolonged  digestion  cf  egg  albumin  with  gjiatric  juice  in  the 
proftence  of  sulphuric  acid,  and  by  hydiolyi^Hn^  it  bo  obtnicod  as 
much  AS  aa  per  cent,  ghicosamin.  He  thinks  it  pmbfLhlfl  thn-t  in 
fllbamiu  acetic  4Cid  mny  be  preaen-t,  as  in  chitin ;  he  was,  bowerer, 
unable  to  demonEtrate  \ts  presence. 

By  the  miction  of  Z  per  cent.  hyJrocbli?ric  utid  directly  on  egg 
albumin  and  Heparatiou  of  the  reducing  substance  by  meArni  of  bo:]£oyl 
chloride  (MUller's  method),  Seeman  also  succeeded  in  liemonfitniting 
the  preaonce  of  jjlucoriamin,  and  Langst^in,  by  tho  flame  method,  haa 
been  able  to  obtniti  n.^  much  as  ]0  per  cent,  of  this  monose  from 
crybtdiUised  egg  albumin. 

There  can  be  no  <loubt,  then^  that,  like  mm^ina  (and  chondro- 
proteids?),  the  most  important  carbohydrate  group  in  egg  albumin  is 
onq  which  yields  gluccirumin  on  hydrolji^iB. 

LnngMtein  hax  also,  by  the  beri&>yl  chloride  method,  separated 
gluGOfiamin  from  eu-globulin  and  cong-albumin  m  egg  white;  and  in 
tcvoral  other  proteida,  f.j;.  fihrir,  sprnm  proteids,  vegetable  nlbiimin, 
itc,  various  wtirk»?ra,  by  the  us^  of  phenyl  hydra^sine,  have  detected 
cnrbo hydrate  groups. 

Ho  noiktii^  has,  however,  been  auocsaaful  iti  demouatratiug  any 
CAtbohydratD  group  Ln  ^^^^in^  and  on  thie  account  Pavy  has  i^uggofited 
that  the  lactnm  of  milk  really  repreaenta  dissociated  protaid  carbo- 
hydrate. 


318    THE  METABOLISM   OF  THE  CAKBOHYDRATES 

By  varioiie  colour  reactpiauAa^  lAngsUtin  huR  sbowD  that  pure 
mrum  aiifumin  also  caatamn  a  carbobydrnte  gronp,  find  from  one 
preparation  of  it  this  worker  vas  able  to  B&parat^  smiiU  quantities 

of  ^lucofimaiii.  TLor«  still  renuhAOa  ECmu  Jfjubt,  bowever,  ati  to 
wL«thor  tbifi  tnay  cot  h&ve  been  dHrived  from  some  ft^lherect  muoui 
of  wbich  it  iv  very  dilEcult  to  remove  all  tracer  fi^iij  the  Jtlbuniin. 

With  pure  tfTu^i  globulin,  on  the  otli^r  himdt  mucb  more  eatififoc- 
tory  resuEt?^  have  been  obtnined.  H.  A  K.  Morner  and  Lfingstpin  (*•) 
hjiro  indepem-lently  sbown  that  both  the  oa-  itoj  psotido-jtrlobulin 
frflftiouB  of  this  caq  yield  niottosn.ccbti'ideif  wh»-n  b^drolyj^ed  with 
&cii1>  niid  by  a  cnreful  study  of  the  osaEonea,  the  pi-odiictA  of  crxid^tloa 
and  the  benioy]  com|x>uiids  of  ibe^e,  und  their  power  of  fermeiktiiig 
with  yejist,  lhe_v  liHVft  idH.Tjtitied  these  niQnOfiacchurldes  rs  dextnise, 
glucoeamin,  and  posciibh'  (tpvniose.  By  decomposing  the  globulin 
with  barytJt^  il  polyose  prikctically  idertical  with  nibamin  haa  been 
obtained  by  LGngatein.  By  decompodng  this  polyoae  with  acida 
gluoosamin  wa«  obtained.  Th@  p^rc^ntage  oF  nitrogen  in  thLe  albamin 
WA6  found  to  be  ^oinenhat  variable,  and,  bincti;  dejLtioae  bos  been 
found   fijong   with   glac^jaamin  in   the   products  of  Jicij  hydrolyua, 


^  There  are  certain  oolonr  reactions  by  vhiah  the  presence  of  curbobjdratft 
grenps  m  protddB  mty  be  detecicd.  The  acre  importiuit  of  tbc«e  ue  M 
follopj  :— 

1,  Tkt  fftaction  "/  jVo^i'jcA. — To  ode  cabic  centimetre  oi  a  one  pef  cent* 
auapcasjon  of  proteid  in  watfli  ore  added  two  drops  of  ad  Blcobolio  aolutioii  of 
n-DBphtbol  {IC^;)  i  Ltrco  cubic  oentimcUu  of  coiLCQDtnted  nql^jhuiic:  soJd  &rG  tbfln 
mn  donn  tha  bii!fl  cf  Lhe  ttst-tube  so  as  to  fonu  a  luyrr  underneiLtli  tZie  proteid 
fiolulioQ,  If  tbfi  prul'^li]  t^ontarn  m  diboh j<]  rate  ^onp,  n  pnrp[«  rin^  foTTrlB 
wbere  lhe  two  fl»idi  ara  tn  iionUei,  |The  green  diflnse  ealonr  which  ftUo 
Afipenn  in  the  acid  is  do  pntt  of  the  reaction.) 

TJiii  renctioQ  j»  eo  eic«edin^lv  delicata — lXK)I  gmi-  doitrosa  or  pentcBe  gives 
it— that  great  c&utian  mabt  be  lakon  that  ihc  prole'd  under  DKamiDBtioD  it 
cDlirtlj  trea  from  ndbeient  c&rbobjd rates >  or  protfids  auch  lu  niuckn,  whiah 
Gontnic  cu'bobjdrftie  gT^uEio.  tt  is  imlecd  toir  delicate  a  test  ec  which  to  tufla 
absolulc  coacLluHionB.  TUli  reaotion  la  uAually  dtiacrlbeO  us  ttue  to  die  liberalf on 
vt  fcirfuro]  hy  the  bcUdii  of  tbe  add. 

2.  The  Vrein-ferrie  Chloride  Rntctiaa  o/  Bial.  {*) — [|)lo  four  CUblC  Centime!™* 
af  (nmSng  hjdrochlario  add  in  a.  small  tesMube  ii  dropped  Drajn  till  a<i  more 
iffill  diiEoWe  ;  tvo  cubic  centjmetrea  of  the  proteid  eoIotioD  are  then  added  aad 
one  drop  of  a  dilute  aolittion  of  firrria  ohlorlde.  The  mixture  ia  boiled  for  aboat 
two  minittoa.  If  be^Odcs  be  preteotf  blui^h-grten  jlakee  bood  ■epaitile  out,  md  EC' 
thceo  be  dLiaoKcd  bj  Ebitkifif^  with  aoijl  alcohol  tde  resQltJog  soliiJou  will  bfl 
fuund  to  give,  when  cjoimlned  Ln  (he  bpecLixibCopen  aa  ab^orpilt^h  bnnd  hC  tha 
bi^innJog^  of  the  green  abporhln;  thri  nmnge,  Penie^e  nnd  gljcuronk  acid  glira 
fllmllnr  bitiisb-green  prec^ipilnlee,  tmt  tbe  orauge  ol  the  niiectnim  la  net  Jtbaorbed. 

GlucoasmrQ  and  InvnloHe  do  not  givetbia  reActlea.  It  ii  therefore  nn  impor- 
tant one  for  indJcaliDg  what  ciirl?oh;"dmtQ  groapi  eggbt  to  be  Bon^ht  for  hy  [he 
more  ulaboralc  ujtEb'>db, 
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LftQg^beiu  eu^geatji  that,  bcisidoe  albnmio,  glnbulin  may  contain  some 
N-fr*^6  poljyae  yii!l*liug  on  lijdroljsia  deatrose;  or  it  uuij  be  that 
t!io  d&xtroBc  i.]  Adbt^reot  &s  Giicli  to  the  albumin  molE^cidc.  It 
hhiUiUI  ha  pointed  out,  liowevsr,  that  only  2  per  cent,  of  Hugjir  hua, 
BO  far,  been  ietei^ted  in  globulin,  Simon  boa  recently  de^iibod 
in  the  liver  an  albumose  whieh  concains  nugor. 

There  l9  too  little  raiitter  uu  Imnd  to  eiiuble  ua  to  Bay  Low  the 

enrbobydraie  group  i^;   altuclied   to   the   ppoteid    molecule.     By  the 

ftcbion  of  acida  ou  proteid^  thij  product  which  reniatii^i  behind  lifter 

,  tiw  cflrbohydrato  group  bae  lH>r>n  Bplit  off,  although  it  ^ve^  tho  biuret 

ote^ou  aiul  is  precipitablo  by  iildohol,  \&  more  iirubiiblj'  uf  the  iiiibure 

of  &  proteose  or  peptooe  than  native  proteid. 

After  we  have  studied  the  nature  nnd  mechFtniam  of  pblorid/.in 
dinbatea,  we  abiU  see  tbat  there  i»  lerL^oti  to  believe  that  a  louse 
chemical  compound— of  a  coUuidal  niLture — exists  between  ^erum 
globLilin  and  dextrose  (see  p.  363). 

Soon  after  absorption  into  the  bloody  therefore,  the  sugar 
in  greab  part  beccjmea  converted  into  glycogen,  and  paialbly  also 
into  proteid.  The  biological  evidence  of  this  latter  trane formation 
we  will  consider  later;  for  the  preaentj  a  carefid  study  of  the 
derivation  and  fate  of  glycogen  in  the  organism  will  occupy 
our  attention. 

Although,  aa  we  have  already  aeen,  tJie  liver  ia  not  the  only 
organ  in  which  glycogen  is  found,  it  ia  evident  that  a  careful 
study  of  the  so-called  glycogenetic  function  of  the  liver  must  be 
of  very  great  importance,  and  for  many  reajiona : — the  percentage 
of  glycogen  in  much  higher  in  thla  than  in  any  other  organ  or 
tiaauc;  the  anatomical  position  of  the  organ,  and  the  fact  that 
the  percentage  of  sugar  in  tho  syEteinic  blood  is  nearly  constant 
whereas  that  of  the  portal  blood  varies  acGording  to  the  activity  of 
digerttjon,  suggest  the  glycogenic  function  of  the  liver  as  the  one 
which  mainly  reguEatea  the  supply  of  sugar  in  the  systemic  blood; 
moreover,  under  certain  conditions,  we  can  approximately  calcu- 
late, from  the  amount  found  in  thia  oigan,  how  much  glycogen 
there  is  in  the  entire  body,^ 


'  It  should,  how«Tcr,  h«  Dotfld  Ihml.  diifsrcTit  ttoTkerft  do  not  agrot  on  the 
quant itjitive  relationsbtp  betvean  the  bap^tic  glfcogga  aod  (hat  deposited  el&c- 
vhorein  ihc  bod^.  Ott,  for  c»mple,  BtatCB  that  i}ierfr  ie  &□  equal  uniouDt  In 
tbc  liver  and  in  bbe  other  ti'ifruest  s^heroa^  SidkL^watj  and  Frent£fl  found  more 
JD  Iho  Liver,  Eulz  found  m  Elftrvcd  hcua  fi  Inigt  ex\jtta  m  UkC  bodj  cujui^ted 
wltb  tbeli^er. 
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With  regard  to  the  method  of  inveatigation  of  this  glycogenetic 
fanclion,  we  must,  in  the  firatp  place,  see  what  rarbc"li)^d rates  and 
other  food-stuifs  cause  glycogen  to  be  deposited.  To  do  th-is  it 
ifl  necessary  that  we  render  the  organ  aa  nearly  aa  possible  free  of 
glycogen,  and  then,  if  we  find  that  feeding  with  a  cettain 
food-stuff  causes  glycogen  to  be  deposited,  we  can  state  that 
thia  food-stuff  is  a  glycogen  former.  A  positive  result  of  thia 
nature  cannot,  however,  without  further  investigation,  be  teken 
to  ahow  that  the  food-stutl  in  question  boa  lis^^fj,  in  whole 
or  in  part,  become  transformed  into  glycogen  j  for  it  ia  alwayB 
possible  that  the  glycogen  may  have  been  derived  from  the  tissues 
of  the  animal,  the  food-atufT  having  favoured  auch  a  process  by 
replacing  these  tissues  in  their  usual  broak-dovm,  i.f^  by  becoming 
oxidised  in  place  of  them.  Ae  we  shall  see  later,  proteid  may 
form  glycogen,  and  it  ia  therefore  always  possible  that  the  glycogen 
apparently  derived  from  some  ingested  non-prnf^.itl  substance 
may  really  be  derived  from  the  tissue  proteids.  In  other  words, 
we  must  carefully  dJatingaiah  between  tnti:  and  ;?Arurf(i-gJycogGn 
formers. 

Having  ascertained  the  possible  sources  of  glycogen,  we  must 
next  study  wliat  becomes  of  thia  substance  in  the  geneial  economy 
of  the  animal*  and  what  the  conditions  are  which,  apart  from 
food,  influence  its  amount.' 

The  questions  we  will  at  present  consider  are  therefore  the 
following  : — 

How  is  glycogen  distributed  quantitatively  in  the  body  ? 

How  may  the  liver  and  other  tissues  be  rendered  glycogen- 
ireo? 

What  food-stufls  lead  to  glycogen  formation  1 

What  becomes  of  the  glytiogen  in  the  organism  ? 

How  is  the  glycogeuio  function  controlled  ? 


^  Thefte  qnestions  rfpfiend  for  their  pal Itfac lory  aolullon  nn  reUiiblo  fiinT 
^■OCimle  mctbodii  (cr  tbo  putimalioD  of  glvcogflti.  It  is  beynnd  tbfr  Eoope  of  Ibla 
ortLDk  to  daauiibe  thtfie.  A  crilical  Burve^  of  kU  the  mom  nmal  mctbodi  hu 
rcCfiPtly  been  giveo  br  FSugor,  who  also  girea  ia  dclnil  a  bow  njctbod  of  greu 
'bDDurmuj.  (A  detailed  accouDt  of  ihiji  tnclbod  nil!  be  found  lu  "Fr^tical 
rhjaJolcgj,"  hj  Bedd^ud,  UiLl,  4u,,  Sod  cd.,  Araold,  LooduD,  IDDA,) 


4h     . 


I 
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The  Distribution  of  Glycogen  in  the  Body 

The  presence  of  glycogen  in  tiasuoa  can  be  aacertainod  nob 
only  by  ita  isolation  by  cliemical  methodBj  but  alao  by  its 
micro -chemical  colour  reaction,  which  depends  on  tbe  deep  brown 

violet  colour  which  it  gives  with  a  watery  soliitiou  of  iodine. 
By  bringing  microscopic  Hcctiona  of  tiaflues  in  contact  with  such 
a  solution   any  glycogen   wbich  tk&je   may  contain  la  at  once 

ined-  In  tbia  way  Barfurth  {^)  has  examined  a  large  number 
of  tissues  and  organs. 

In  the  lir'-r,  the  amount  of  glycogen  depends  very  largely 
on  the  taking  of  food.  This  ia  very  evident  in  the  liver  of 
gastropoda.  After  starvation  for  about  three  weeks  all  the 
hepatic  glycogen  disappears  in  these  animalsT  and  it  begins  to 
reappear  in  from  nire  to  ten  hnura  after  food  is  taken.  It  has 
been  noticed  tliat  the  glycogen  is  at  ftrst  deposited  in  the  con- 
nective-tiaauc  cclla  of  the  hver  ond  aftcrwanla  in  the  epithelial 
ceKsr  juat  as  in  starvation  it  disappears  first  from  the  epithelial 
Ua  and  lastly  from  those  of  the  connectivc-tmue. 

This  glycogen  is  contained  entirely  in  the  eKtra-nuclear  portion 
of  the  l^ell  -  none  h&s  ever,  in  any  animal,  been  seen  in  the  nucleus. 
By  ita  deposition  the  cclla  incrcaao  markedly  in  bulk  and  the 
liver  increases  in  weight.  In  the  liver  of  many  animala  (c.ij. 
rabbit)  the  glycogen  is  deposited  mostly  towards  the  centre  of  the 
lobide— around  the  intra-Iobuiar  branches  of  the  hepatic  vein — 
the  periphery  of  the  lobule  containing  much  less  glycogen  ;  in  other 
animala,  however,  this  distribution  is  not  so  evident.  The  different 
lobes  of  the  liver  seem  to  eontain  the  same  amount  of  glycogen ; 
in  other  words,  the  glycogen  is  evenly  distributed  throughout  the 
liver.  The  Lver  of  a  dog  has  been  found  to  contain  as  much  as 
18'60  per  cent,  of  glycogen  (Scht^ndorif}.' 

In  the  ■flittfiilt-^  of  wcU'fcd  resting  aniroals/ glycogen  is  present 
iboth  in  the  sarco- sub  stance  and  in  the    inter^brillary  material 


1  Bernard  aad  Barfurtb  state  tbaL  tba  Hver  of  embryos  oooTaliia  bo  glycogen 
nntU  ibfl  middle  of  i'staX  life,  the  utlier  i.laiiiiva  bBiiig,  however,  mrire  or  Ibm 
rich  ib  it.  In  Lhi?  flh^ermiotis  on  which  thlH  fiUieiuftnt  h  bRs^nH,  the  glycogen 
wfut  ot^Tbij  cxrrActcd  uitb  boihbg  water,  Einil  no  precaniioQB  vara  taken  tbat 
the  mother  animal  before  slaagbtet  bad  booD  Qoratally  Fad,  Pflugcr,  by  hit 
BfiTT  metbod  ("),  hiui  shown  Chat  gljcogon  in  alwo-^a  pfoseat  in  (bo  liver  of  fiftal 
ra>,  galbaa-piji^ii  aai  lam^J.  at  loisb  daring  tha  first  half  of  goBlation. 

X 
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(Aarcoplasm) ;  but  in  poorly  fed  aniTuaU  it  can  be  detected  only 
in  the  inlcrfi-brillary  materiaK  In  iici&l  life,  it  appcaTa  in  the 
muaclea  aa  soon  aa  their  histological  structure  ifl  d.iffercntiflt<;d. 
During  starvation,  the  glycogen  in  the  muaclea  remaina  for  boi 
time  after  all  of  it  in  the  liver  has  disappeared, 

TJie  amount  uf  glycogen  varies  coiiftiderably  in  the  different 
muacles  of  the  same  mdividual,  aa  the  following  table  of  obaerva- 
tiona  on  three  doga  ahowa : ' — 

Tablk    I 


Miucle. 

?Br  Cot.  dE  GijDaeeDi 

] 

1           s 

Bif^TMhraubo        .        »        .        . 

Uiucles  of  bock      .... 
Addoctora  uf  L^    . 

0'17 

0-ss 

0-32 

0-135 
0-077 

Tho  percentage  of  glycogen  in  the  muBcles  of  the  dog  has 
been  found  to  riae,  under  certain  conditions,  to  3w2  pec  cent. 
(SchOndorfl'). 

For  an  estimation  of  the  total  amount  of  glycogen  in  the 
muscles  of  an  animal^  it  ia  therefore  not  allowable  to  determine 
the  percentage  in  a  small  piece  of  any  muscle  and  calculate  from 
this  the  amount  in  all  the  muscles;  even  by  multiplying  by  two 
the  amount  of  glycogen  found  in  one-half  of  the  body,  only  an 
approjLimate  leault'of  the  total  amount  in  the  body  ia  obtained, 
aince,  as  A.  Cramer  has  shown,  corresponding  musclea  of  the 
opposite  halvf>s  of  the  body  do  not  contain  the  same  amount  of 
this  substance.  A  difference  of  27-7  per  cent,  was  found  in  one 
inveBtigation  in  which  the  glycogen  content  of  the  two  hind 
hmbfi  waa  compared.  Heart  muecle  contains  more  glycogen 
than  skclctQl  muscle. 

In  none  of  the  other  tiaeues  or  organs  is  the  percentage  of 
glycogen  ao  high  an  in  the  liver  and  musctes,  but  tracps  at  leaat 
of  it  are  to  be  found  aliuost  everywhere  in  the  body.  Even  in 
such  tisHuce  oa  cai-lUnge  and  b>me  baa  glycogen  been  iound  ;  in 
tiie  blood  it  ia  found  in  the  Imcoei/t^^^  but  there  13  none  in  tho 
plasma;    it    ia   present  in   the  ^yUhelial  ciin  lining  the  g&atio- 


'  Cmmar.    Bmok*  ICuIe  mothoJ  ('). 
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mtoAtiim]  tract  and  the  ducts  of  gLuida,  in  the  bram,  m 
ganglion  cells  (of  gastropods  at  least),  in  the  ovaries,  teste?;  and 
placenta. 

A  more  detailed  account  of  ita  dlGtributioD  ie  unneceaaary 
horo,  Ac  important  point  to  keep  in  mind  ia  that  in  the 
embryo  it  is  much  more  evenly  diatributed  over  tho  body  than 
in  tha  adult,  where  it  hecomeH  located  mainly  in  the  Uver  and 
muscles. 

With  regard  to  tkr^  sent  of  f/li/coffta  formatioiit  we  would  at 
fiiBt  Bight  assume — from  a  conBideration  of  its  distribution  in 
the  tissues — that  this  \a  in  the  hepatic  cells.  It  is  moat  plentiful 
here,  and  feeding  staivtfd  aiiini:ila  with  carb<i hydrates  cauaea 
glycogen  to  be  deposited  ^mt  at  all  io  the  Uver  and  only  later 
in  the  muscles.  We  would  thus  explain  the  preaence  of  glycogen 
in  the  muscles  by  its  being  carried  there  by  the  blood.  Againat 
such  an  hypothesiSj  however,  stands  the  fact  that  no  glycogen 
has  fiver  been,,  detected  in  the  blooii  plaama.  Tljere  la  aljio 
much  evidence  that  other  cella  tlian  those  oE  the  liver  can  form 
glycogen ;  yeast  ceUs  form  it ;  it  is  present  in  the  tiaauea 
of  primitive  animals  which  possess  no  liver;  it  is  formed  in  the 
tiaanes  of  liverlesa  frogs  when  solutions  of  dextroHe  are  injected 
flubcutaneously  (E.  K^llz);  it  is  present  in  the  tissues  of  the 
developing  chick  before  a.ny  liver  celb  have  become  differentiated, 
whereas  it  is  abseut  in  the  onhatched  egg.  It  is  probable, 
therefore,  that  glycogen  Js  formed  in  the  muscles  as  well  as  in 
thehver;  indeed,  Naunvn  has  stated  thnt  the  colour  reaction  of 
muscle  glycogen  towards  iodine  is  somewhat  different  from  that 
of]  liver  glycogen,  and  Bernard  has  notiecsi  that  in  paral^aed 
muscles  a  form  of  glycogen  accumulates  which  givea  a  blue 
instead  of  a  port-wine  colour  with  iodine. 

Attempts  have  lieen  made  to  decide  this  important  question 
' — i.e.  whether  tlsaiiea  other  than  the  hver  cau  fcim  glycogen 
hy  perfufling  the  mnacleaof  one  of  the  hind  hmbs  of  a  dog  with 
blood  containing  dextrose,  and  comparing  the  glycogen  eootents 
of  the  perfused  muscles  with  those  of  the  other  hind  litnb- 
Ccnstant  reaultj^,  on  which  a  deHnite  condusion  could  be  baaed, 
have  not,  however,  been  obtained. 

it  ia  therefore  probable,  although  absolute  proof  of  the  fact 
is  wantingj  that  i^lycojfon  can  he  independently  formed  in  the 
liver  and  other  tissues  in  which  it  is  founds 
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How  THE  TieauBs  may  de  rendered  free  of  Glycoubn 

By  slarvtdi-on  alone  ib  is  impossible  to  reoder  the  liver  glycogen- 
free  or  the  blood  free  of  sugar.  Moreover,  if  several  animala  of  tlic 
Bfltne  kind  be  atarved  for  the  samo  length  of  time,  the  amount  of 
glycogen  which  remains  in  their  tissues  will  be  found  to  vary  con- 
siflerably ;  fore>aiiiple,  in  seven  lieiia  starved  for  six  days  the  total 
amount  of  glycogen  ia  the  body  at  the  end  of  star^'ation  was  found 
by  Edward  KOlz  (^)  to  bo:  0-7010  grm. ;  0-54o3  gmi. ;  0-0425 
grm,;  0-33;J2  grm.;  l-3f)S9  prm. ;  rOTaS  grm. ;  lw607  grm. 
Pfluger  alflo  records  a  dog  which  waa  starved  for  twenty-eight 
days,  and  the  liver  of  which  contained  at  the  end  of  this  period 
22-5  gno.  glycogen.  V.  Mering(*)  states  that  in  one  dog  after 
eighteen  days,  and  in  another  after  twenty-one  days  of  complete 
BtArvfttion,  Q'4S  grm,  gljcogen  waa  obtained  from  tho  liver. 
Indeed,  as  starvation  proceeds,  the  amount  of  glycogen  may, 
after  attaining  a  minimum,  increase  slightly  in  amount,  as^  for 
example^  when  all  the  available  fat  has  been  used  up  and  the 
tiflflue  protoids  begin  to  break  dovn»  as  oeeura  in  starvation  a 
few  day^  before  the  death  of  the  animal. 

In  several  animals  of  the  same  kind,  therefore,  starved  for 
the  same  length  of  time  and  to  all  outward  a[!pearauce  identical, 
the  amount  of  glycogen  may  be  very  variable,  and  the  same  is 
true  when  tho  animals  are  fed  with  exactly  the  same  amount 
and  kind  of  food ;  thus,  the  glycogen  deposited  in  the  tiasucs 
of  similarly  fed  dogs  may  vary  from  7-59  grm.  to  37'8T  grm.  per 
kg.  body  weight  (SchOndorff).  On  this  account,  great  care  must 
be  taken  in  drawing  concluaicns  from  the  amount  ol  glycogen 
found  in  the  body  after  death  regarding  the  power  of  any  food- 
stuff in  influencing  glyeogen  formation. 

Starvation  alone  cannot  be  depended  on  to  entirely  deprive  the 
tiaanoa  of  their  glycogen,  if,  however,  it  be  combined  with  certain 
other  agencies,  which  also  tend  to  cause  the  diaappcarance  of 
glycogen  in  the  body,  much  more  satisfactory  results  can  be 
obtained.  The  most  important  of  tbese  agencies  is  mv-tfuhr  jetn'k. 
This  causes  the  liver  glycogen  to  disappear  in  a  few  linura.  although 
it  takes  longer  to  make  the  muscles  glycogen- free,  A  method  for 
clearing  tho  organism  of  glycogen,  which  iocludcs  starvation  and 
muscular  work,  ia  that  described  by  Bendix  {^),  in  which  doga 
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after  beiug  starved  for  aeveral  days— or  fed  on  fleali  alone — are 
made  to  do  esceaaive  muscular  work,  immediately  after  wKick 
they  are  killed  ctnd  the  tiaauea  examined  for  glycogen- 

Certain  poisons— such  as  arsenic  jtnd  phoBphorua,  whieJi  act 
directly  on  the  liver  cells,  and  strychnine,  which  acts  on  the  spinal 
cord  centres  producing  general  convulsions  (/.'=.  excessive  muscular 
contractions)— cause  a  coaaiderable  depression  in  the  glycogen 
depoaitfl.^  In  the  experimental  diabetes  caused  bv  phloridKin  or 
by  extirpation  of  tlie  pancreas  the  glycogen  deposits,  especially 
those  of  the  (iver,  l>ecDine  verv  much  diminished  in  amount-  We 
ahall  have  occasion  tc  considt^t  these  points  later  on. 


What  Food-stuffs  lead  to  Glycogen  Foruatioh? 

This  may  be  ascertained  by  seeing  whether,  by  feeding  an 
animal  rendered  as  nearly  as  possible  glycogen -free,  an  accumu- 
lation of  glycogen  is  induced.  This  is  the  t/inci  mdlto't  Its 
results  can  be  controUctl  by  the  iiuHrecl  mfUtod,  The  rationale  of 
the  latter  is  as  follows.  Since  there  can  be  nc  doubt  that  dextrose 
forms  glycogen — the  absolute  proof  of  this  will  be  considered 
later — any  food-atufTs  wliicli  during  their  metabolism  yidd  deitraso 
must  also  be  glycogen  forraera.  We  can  ascertain  whether  a  food- 
stufi  yielda  dextrose  daring  its  metaboUam  by  rendering  an  animal 
incapable  of  oxidising  carbohydrate — ia  other  words,  by  rendering 
it  diabetic — and  then  seeing  whether  the  food-fttut!  in  question 
causes  an  increase  in  the  sugar  excretion  by  the  urine.  If,  for 
example,  we  find  that  feeding  a  diabetic  patient  m^  proteid 


^  A  Tcrf  thoron^lk  mclhutl,  dcpi^tiding^  on  tbs  Dfio  of  str^-chniat!,  h  that  of 
Frenlsel  (')h  Thia*noiktr  alLOwed  that  ull  lrace»  of  glycogen  can  be  loade  to  dia- 
appeal  in  rabbits  bj  [Dd^n^lng  aitjchnjne  conTulaJoofl  for  fiva  bouia  afrcr  having 
ArjiriF'^d  tbe  aDimals  for  from  cne  lo  twu  c1a}£.  FrevioLn  Ld  tbc  BtarFation  the 
Tahbitii  Bhfuild  ht  fed  fnt  som»  time  on  milk.  Dtirmg  thp  action  of  Ihe 
■trjchmn^,  AEtitl^lnl  r^^pfrutiori  [^  ujinnUy  neceEsarj.  but  cite  mttiit  of  ^oume  he 
tokCD  that  too  Urge  n.  dose  of  cbo  drn^  is  Ttt'i  givan  ;  it  shoidfl  be  inob  tbtt  xh& 
convalnoDfi  are  invoke'!  dqIy  wh«n  tbo  akin  ii  irritn'od.  Aftor  fire  hoard  the 
etrjohnire  U  antirlcted  br  chlornln  &i>  Ihah  tbo  animals  faU  into  a  deep  plccp-  If 
tbe  aniajBla  bt  kiUcl  ni  but  lime  op  to  tweht  hours  no  gljfogcn  will  he  found 
iu  their  Hvor  or  other  tisaiifs.  After  thJa  time,  bowtverf  etrcggcn  Left;lQ»  to  ap- 
pear and  itttaililj  iaureafrCB  In  auiDiuiL  The  F^ourccof  thlagljcu^ji  ifa^f  bstlBane 
proteid.  To  aluiIj  Lhe  Lndnf^nca  of  any  fooil-BtiilT  ou  \\\g  forniaticjD  cf  glycogen 
in  thfl  liver,  the  food-Btuff  in  question  nhfjnlii  be  given  along  with  Ibfl  cblural 
and  the  uiEnal  bi[led  in  frnm  ten  to  twelve  honra. 
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c&uBM  ft  distinct  increase  in  the  sugar  excretion,  then  we  oui  state 
that  prcit^id  ifl  capable  of  producing  carbohydrate  in  th«  of^Aniam. 
This  indirect  uiethotl  has  within  recent  years  heen  very  thoroughly 
investigatetit  and  we  ahnlt  dJscuas  it  in  conaiderabic  detail  lat«r. 
Afeaniffhile.  lee  wiJl  jtmceed  ipith  a  coHsideration  ■>/  the  TesuUs 
ohtainfd  btj  tfi&  duefU  mfthod. 

It  ia  evident  that  thia  direct  method  of  aaeertairing  whether 
or  not  a  substance  ta  convertible  into  glycogen  in  the  organiam 
can  be  only  an  approximate  one.  We  can  ascribe  a  glycogen- 
produdng  influence  to  a  food-stufl  only  when  in  a  large  ntimbeF  of 
ezperimenta,  an  amount  of  glycogen  is  found  to  he  deposited 
which  ia  constantly  higher  than  that  found  duriixg  starvation ;  and 
we  muat  further  ahow  that,  meanwhile,  insufficient  ti^ue  proteid 
haa  been  decomposed  to  account  for  tho  glycogen.  This  latter  we 
can  do  by  enimating  how  mm?h  glycogen  could  have  been  derived 
during  the  observation  from  proteid,  and  seeing  whether  this 
amount  is  sufficient  to  account  for  the  excess  of  glycogen  deposit^^^ 
The  amount  of  glycogen  liberated  from  proteid  can  be  calculated 
from  the  nitrogen  eJtcrctLon,  for  each  gmin  of  nitrogen  excreted 
in  the  urine  will  equal  2'500  grm,  of  carbon  liberated  in  the 
tJM^ues,  which  is  equivalent  to  i^'TDO  grm,  of  glycogen  [i.e.  3'2fio 
grm,  carbon  liberated  in  the  tissues  miniat  O'TDo  grm.  excreted 
as  urea.  &c,).  A  method  includang  this  factor  was  adopted  hj 
Ott(')  in  a  aerica  of  cxperimcnta  on  the  glycogen-forming  power 
of  tho  various  carbohydrates. 

The  fuiid-fituffa  wliidi  we  would  naturally  CKpert  to  be  marked 
glycogen  fonneta  are  the  carbohydrates h  Let  us*  therefore,  con- 
sider these  firat  of  all  in  this  eoimection- 

For  dextros'',  the  proof  of  ita  oonverBJon  into  glycogen  in  the 
body  IB,  &a  might  be  expected,  an  easy  matter.  Dr.  F,  W.  Pavy  (") 
found  that,  whereas  in  eleveii  healthy  dogs  fed  only  on  flesh  the 
average  relation  of  the  weight  of  the  liver  to  that  of  the  whole  of 
the  body  was  I  to  30^  in  five  dogs  fed  on  vegetable  food  it  was 
1  to  15.  On  animal  food  also,  the  average  percentage  of  cnida 
glycogen  in  the  liver  was  71!),  wht^reaa  on  vegetable  food  it  was 
17'23.  With  such  results,  little  doubt  can  exiat  that  glycogen 
ia  derived  directly  from  dextroee.  It  i3,  however,  alwayn 
possible,  as  indicated  above,  that  its  source  might  be  tho  tissue 
proteidfi,  and  that  the  large  acemnulatLon  o£  glycogen  in  the  liver 
could   lie  accounted  for  by  the  proteid  not  being  required  by  the 
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org&ruem — there  being,  on  account  o(  tlie  UbcrnJ  inge^on  of  sugar, 
sufficient  carbohydrate  to  supply  all  the  fuel  necessary  for  the 
tiflsaes — and  hence  being  deposited  as  glycogen.  A  definite  answer 
to  this  question  has  been  furnishtMl  by  Otl  by  tJie  iise  of  tbe 
method  described  above.  Thia  worker  experimented  on  hens 
which  had  been  starved  for  five  days,  and  in  which  the  glyct^n 
in  the  entire  body  (according  to  KliLz's  analyses)  coald  not  have 
been  more  than  i!-l^iO  grm.  On  the  siKth  day  -"^O  grm.  of  chemically 
pure  glucose  wftm  given,  and  after  about  eight  hoirn  the  hens  were 
killed.  In  a  typical  experiment  the  total  glycogen  in  the  body  waa 
found  to  be  10-;J5  grm.  eo  that  8-22  grm.  glycogen  had  been 
deposit^.  By  an  eatimation  of  the  nitfogen  excretion  it  was  calcu- 
lated that  3'31^T  grm.  glycogen  might  have  been  denized  fromproteid, 
leaving  4'S2->  grm.  undoubtedly  derived  from  tbe  deJttroae  (*). 

Of  the  remaining  monosaccharides,  teceitloec  \a  an  active 
glycogen  former  and  probably  alao  galacto&e,^  although  tbeie  are 
no  observations  on  thia  sugar  recorded  by  either  of  the  above 
mettodB^ 

Of  the  di-gafzhariiks.  distinctly  positive  reaulta  have  been 
obtained  by  the  above  methods  ^th  cane-augar  and  maltoae, 
but  with  lactose  the  results  (on  rabbits  and  hens  at  least)  have 
been  entirely  negative;  no  glycogen  formation,  undoubtedly 
independent  of  proteid  break-down,  ha^  been  noticed  by  feeding 
with  this  sugar. 

Of  the  pdysac^HTiiifn,  atatcli  ani  dextrin  are  marked  glycogen 
fonners. 

From  an  analyda  of  the  foregoing  results^  we  see  that  all 
carbohydrates  which  on  digestion  yield  deitroae  or  laevulose  are 
active  glycogen  formers-  In  the  gaatro-intestinal  tract  of  all 
animala  there  are  ferments  capable  of  converting  cane-sugar, 
maltose,  and  starches  into  one  or  other  or  both  of  these  mono- 
saccharides^ and  it  ifl  as  such  that  the  carbohydrate  is  absorbed 
into  the  blood.  Lactose,  however,  in  bens  and  rabbits  at  least, 
ia  not  a  glycogen  former.  On  hydrolysis  this  dt-saccharide  yields 
dextrose  and  galactose,  and  dextrose  we  have  found  to  be  the 
most  active  of  all  glycogen  formers.    Why  then  does  laclose  not 

*  FritE  Yolti  baa  ii]>owii  gilactoac  to  be  completely  oxidiaed  in  the  orgaDlnoi — 
EubcDUneaQA  injeccion*  not  appenHiig  la  the  uritf.  a^  vould  h^re  occnrrrd 
bui  it  nnt  b^en  oiidUftd   hj  T.he  lidiuefl — and  therefore  lo  b*  undoiibiedly  « 


328    THE  METABOLISM   OF  TITE  CARBOHYDRATES 

form  glycogen?  The  onlv  explanation  tU&t  can  be  ofFei«d  of 
this  apparent  anomaly  is,  that  In  the  aiumale  wbich  have  been 
expert me.iit»]  on,  there  i?xists  nn  digestive  ietnient  capable  of 
hydroljfling  the  lactose-  Such,  indeed,  has  been  shown  by 
Ernst  WeinJand  (''J  to  be  the  caw.  Whereaa.  a  watery  extract 
of  the  inteetinal  mucosa  oi  all  animals  which  take  millc  in  their 
food  {f.g.  the  young  of  all  mammalia,  and  omnivorons  animala 
all  through  life)  can  invert  lactose,*  no  ench  femient  is  present 
in  watery  extracts  of  the  intestinal  mLicosa  of  hcEbiToioUB  animab 
(hens  and  rabbito)^^ 

The  auhcutancciiB  injection  of  canc-fiugar  or  of  Ii 
does  not  iuereaae  glycogen  formation,  nor  can  these  sugars  be* 
oxidiBed  in  the  onanism— ^-«-  they  pass  unchanged  into  the 
urine  when  subcutaneouely  injected.  From  thia  we  may  con- 
clude that  neither  of  these  sugars  b  directly  tranfiformablo  into 
glycogen,  and  that  there  is  no  inverting  ferment  in  the  blood 
capable  of  producing  dextrose  anJ  l^vulose  from  them.  With 
maltose,  however,  different  reaulta  are  obtained.  Intravenona 
injection,  in  moderate  doses  at  least,  is  not  followed  by  the 
appearance  of  maltose  in  the  urine^  for  there  is  preaent,  in  blood 
plasma,  a  ferment  capable  of  inverting  maltose,  and  the  dextrose 
thus  formed  is  c^inverCed  into  glycogen.  Of  course,  in  the  normal 
digealion  of  starch,  i^c.^  most  of  the  maltose  will  have  been 
already  inverted  by  the  msltaee  contained  in  the  Succua  entericua 
before  it  is  absorbed,  but  there  is  reason  to  believe  that  soma 
paaaea  as  such  into  the  portal  blood  (Pavy'*J_ 

The  only  carbohydrates  which  the  hepatic  cells  can  directly 
convert  into  glycogen,  therefore,  are  dextrose  and  Itevulose,  and 
possibly,  galactose.  These  arc  also  the  sugars  which  are  fermentable 
by  ycaat.  The  glycogen  produced  in  each  case  is,  chemically,  the 
same,  and  h  undoubtedly  prodnceri  bya  synthetic  process,  several 
of  the  monosaccharide  molecules  fusing  logetlier  with  the  loss  of 
a  corresponding  number  of  water  molecules ;  thus : 

(MonoMCtih^)      {Polyaacch.) 

■  TbU  Aotlati  \9  dua  t«  the  eilricti  (!Oiil«iDing  n  fajdroljiic  rcrracnt  called 
lactatt.  which  acU  Bpccirically  OQ  JaotOAi>. 

^  ScTDTfit  ivoikon  bHve  reported  gl^^cDgflD  forLDadon  in  dogn  Bfter  fccdiog 
with  laotuae,  bnl.  a»  Pfliigor  points  ont,  none  of   ihe  reported  caaca  is  tboo- 


■ 
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So  far  all  ia  pkin,  but  a  dilHculty  arisee  when  we  try  to 
eiplain  why  both  lapvulose  and  destroHft  sh:>uld  produce  an 
klcinLical  glyci>genj  fur  do\tTO«e  ia  an  aldose  (t>.  it  contain*  tlie 
group  — CHO  —  y  wheress  krvTilose  ifl  &  ketose  (contains  tlie 
group  — CO  — ).  and  to  convert  the  one  sugar  into  tbe  otber  is, 
ID  the  kborfitory  at  leaBt^  by  no  means  &  simple  proceeg.  There 
are  three  possible  ways  by  which  this  ciorveraion  in  the  body 
couid  be  explained  :  [1)  that  the  Icevulose  la  first  of  all  conrertetl 
into  dextrose ;  (2)  that  both  dextrose  and  Itevulose  are  converted 
into  some  common  derivative,  which  maypOBsiblj  be  a  compound 
of  8U|Tar  with  prottid,  and  which  for  want  of  a  better  name  may 
be  (^Ued  octivp  dcxirose  {H.  Cremer);  (3)  or  that  the  deitroae  and 
laevnlose  do  not  form  any  common  componod  until  glycogen 
IB  produced,  i.e.  that  each  passes  through  a  special  aynthesis. 
Against  the  first  possibility  stands  the  fact,  as  we  ehalJ  see 
later,  that  in  pancreatic  diabetes  l^vuloee  when  given  in  the  food 
can  form  glycogen  in  tlie  liver,  whereas  dextrose  itself  cannot- 
The  two  fumia  of  sugar  muetj  therefore,  he  transformed  into 
glycogen  by  difTcrent  proceasea*  but  whether  these  be  entirely 
different,  or  only  partially  so — f>.t/.  only  untd  active  dextrose  ia 
formed — remains  an  open  question. 

With  regard  to  the  tjbjctxffn-fwmin^  po'i^rra  nf  hoditA  elosfli/ 
allUd  to  tilt:  //['iTcswi — such  as  Lexatomic  alcohols  (mannit,  dulcit, 
&cOh  and  the  augara  which  do  not  ferment  with  yeast,  ouch  as 
the  pentoses  (which  contain  only  five  carbon  atoma) — there  is  no 
uDequivocal  evidence,  obtainable  by  the  direct  method  at  least, 
that  this  ia  of  any  account. 

An  elaborate  series  of  experimenta,  conducted  by  E,  Kllli  C^) 
on  rabbits  and  pigeons*  has  been  considered,  by  most  writers,  to 
point  to  a  number  of  these  compounds  as  being  glvcogen  pro- 
ducers, but  Pfliiger  has  conclusively  shown  that  the  results,  on 
which  these  important  conclusions  fire  based,  are  inaccurate  and 
mialeadiog,  and  that,  from  observations  by  the  direct  inrthod  at 
Uast,  Wf  cavnot  po^itiiely  state  that  (flyt^ogen  is  foi^Trwd  from 
other  than  the  fff7*mv}j  tabic  au<far8. 

The  two  most  olmcJiis  dbjections  to  Ktilz^^  reaidts  a.va  :—jlrttJy, 
that  from  very  &nxftll  vfl-rintions  in  the  rtniouiit  of  glycogen — variations 
which  might  well  be  due  to  eipprimontal  error — he  drew  funda- 
mental conclurtiourt;  and  aerondly,  tbit  he  u&ed,  as  standWs  for 
eomiiansoc,  tha  average  glycogen  coutent  of  nninials  (pigeons,  bens, 
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And  ra-bbita)  vliich  huO  been  starved  for  n  certain  tJme  witliout 
ro^rd  to  tlie  peiir^l  of  year.  Far  his  Abnndard  eadmiitiona,  Kulz 
gives  no  datoB,  thoi^;h  he  givon  Jittea  for  the  feeding  tixpenmeQta  ; 
now,  lij  ifl  well  knowo  iL^Lt  the  amount  4)F  glycogen  in  the  body 
vtirioB  ooneidertLbly  witii  the  eeiu^n  of  jeurr  capeciaUy  in  each 
animnld  ita  tlie  lubbit. 

Mdjc  Ci-omer,  by  methods  i^utiroly  analo^ouji  with  tbase  of  Kiilij 
and  uiil^f^  n^tig  Ki)b/s  avemge>;  (tyr  starving  animulfi  ns  hU  controls 
(witliout,  how^rer,  rendering  hia  pljcogen  ash-Freo,  OM  KuIe  did, 
or  estimating  the  glycogen  in  the  whole  body)  tried  to  show  that 
pOiitosKs  aro  glycojJien  farmers.  In  a  tablo,  Nu.  fi,  Pfliiger  shows 
thiit  in  ev^ry  caao  in  which  Cratner  claim e  a  poBitivo  resoJtf 
the  }^lyco|.'eu  dtirivhd  frtmi  tis^iiie  proteid  m^jiiiwhili;  lirukeii  down  in 
the  or^aQLNm,  ooultt  be  hi>ld  ai-coDntablo  for  the  r4>corded  inoreaso 
of  livtir  glyouger,  so  thrit,  if  glycogen  Formtrs  at  all,  pentoseti  CH-u 
only  bo  indirect  oues. 

A  very  thorough  mvestigJitioti  of  this  queatioa  boa  been  made 
by  Frentael  (').  To  clear  out  all  the  glycogen  from  the  organism 
hi;  uaed  the  method  dcacnbed  in  a  footnote  on  p.  325.  He  found 
that  xyla-ir,  a  typical  pentose,  when  fed  to  gljcogen-free  rabbita 
did  not  cause  glycogen  to  be  formed.'  Tbia  might  mean,  however, 
not  that  xylose  is  incapable  of  being  converted  into  glycogen,  but 
that,  &s  a  resuit  of  tbe  action  of  the  strychnine,  the  organism  had 
lost  the  power  of  producing  glycogen-  That  such  an  explanation 
does  not  hold,  waa  flhown  by  the  fact  that  when  dextrose  was 
admmistered  to  animals  made  glycogen-free  by  the  same  method, 
a  considerable  dupoflLtion  of  glycogen  ensued.  Xylose  is,  therefore, 
neither  a  direct  nor  a  paeudo-glycogen  former ;  it  can  neither 
produce  glycogen  itdelf  nor  can  it  become  oxidised  in  place  of 
other  substancea,  aui?h  aa  proteids,  which,  if  so  saved,  might  con- 
ceivably become  converted  intf)  glycogen.^ 

In  another  portion  of  this  article  it  will  be  showr  that, 
theoretically  conaidered,  a  transformntioii  of  glycerine  into 
dextrose  is  quite  a  simple  procesan     When   tested  by  biological 


*  The  xjlcrae  wab  proved  to  bo  nil  absorbed^  (or  the  lntestioBwas  found  (o  bo 
tnB  from  it  aFicr  death,  Hud,  uiuroover,  it  was  Foond  preiteut  iu  tbe  uniii9. 

'  Wttb  hantiin/iK.  ani>[.hKr  pEutuae,  8;ilk«W6ki  (').  liy  compiring  the  glyoogen 
content  o(  rabbtCB  feil  ^n  it  with  tlur.  of  rabbits  iiarved  fur  «ji  days,  thought 
thut  flight  glycogen  EnrmntLon  had  nccnired  ;  but,  nince  hia  refolti  sre  opvn  to 
the  ifLmg  criticiam  hh  ub  tbcise  oF  Kbtc*  his  aiAtemvm  cafjnot  for  the  prcicrit  be 

jeploJ. 
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expenment,  however,  the  evidence  is  not  convincing  enough  to 
allow  of  a  poutrive  assertion  that  such  a  transformation  takes  place 
in  the  animal  body ;  although  there  is  some  evidence  to  show  that 
it  possibly  may.  Seegen  has  also  shown  that  iE  glycerine  be  added 
to  a  mush  of  hver  there  occurs  a  formation  of  glycogen.  It  has,  how- 
ever, not  been  shown  whether  the  glycogen  in  this  case  is  derived 
from  the  glycerine  or  from  some  of  the  liver  constituents. 

We  come  now  to  the  most  interesting  question  of  all,  viz. 
can  proteid  form  glycoge^i  in  the  animal  hodyf  As  this  question 
has  recently  been  the  tbeme  of  much  research,  it  will  be  necessary 
for  us  to  discuss  it  in  considerable  detail-  It  has  already  been 
pointed,  out  that,  besides  the  direct  method  (ix.  the  power  of 
glycogen  formation),  there  are  indirect  methods  (ix^  the  behaviour 
of  proteids  when  fed  to  diabetic  animals)  by  which  the  question 
may  be  answered,  and,  since  by  the  direct  method  otdy  doubtful 
results  have,  so  far,  been  obtained,  we  wiil  pass  over  it  quickly, 
and  thus  leave  more  space  for  the  discussion  of  the  results  ob- 
tained by  the  indirect  method. 

Claude  Bernard  stated  that  abundant  glycogen  was  stored  in 
the  liver  when  a  diet  of  flesh  was  taken,  and  he  argued  from  this 
that  proteid  could  be  transformed  in  the  animal  body  into  glycogen. 
The  fact  that  flesh  may  contain  as  much  as  1  per  cent,  of  glycogen 
— a  fact  not  sufficiently  cougidered  by  Bernard — renders  this 
observation  valueless.  Numerous  workers  have  repeated  Bernard's 
experiments,  with  the  precaution  to  render  the  flesh  as  far  as 
possible  glycogen -free.  A  full  review  of  these  researches  is  given 
by  Pfitlger  (*),  who  points  out  that  none  of  them — on  account 
of  errors  similar  to  those  indicated  above — is  of  much  value 
in  deciding  this  important  question.  Moat  of  the  earlier  workers 
started  out  on  the  assumption  that  after  a  few  days'  starvation 
the  hver  was  glycogen -free,  and  they  argued  that  any  glycogen 
which  might  be  found  in  it,  after  this  period,  must  have  come 
from  whatever  food  had  meanwhile  been  given. 

The  inaccuracy  of  this  premise  we  have  already  discussed. 

Few  of  these  earlier  workers,  moreover,  worked  with  a  proteid 
which  was  carbohyJrate-free. 

It  ia  true  that  in  several  of  the  researches,  removal  of  the 
glycogen  in  flesh  was  iLtteznpted  by  extruction  with  water,  but,  as 
Nerking  has  shown,  such  treatment  only  removes  a  smalt  proportion 
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of  the  glycEigPB.  In  (ithBrs,  egg-white  was  uHe<1,  but,  us  we  hnv^ 
uooUf  iheve  w  a  c^onoiilDmblo  amount  of  carboliydmtti  in  tliis  form 
of  prot<iii]- 

By  far  tlie  mosst  exbouHtive  reeearclie6  on  tbe  derivation  of  glycogen 
from  proteiiJ,  as  teatt^  bj  the  direct  method,  ore  ihoKo  roroi^led  by 
£.  K\\\z  (^).  Thia  worker  experImETiiUK.1  on  pigiiouB  mid  heu&  In 
pigeons  he  FoiiiLd  tkin,b  a.Etei-  two  to  four  days'  atAi^atiou  the  average 
amouiit  of  gl^cog^ii  ii^  iLe  liver  ^md  muscles  x^ea  0'9'1(!  gem.  per  kdo 
body  weight,  the  miijcimal  amount  boioj^  l-SSW  pm-,  nnd  tbntaftfr  4-tf 
dftya*  stnrvftliim  the  livtT  was  glyfogeri-frpe  (BriJcke-Elilz  mBthod) ; 
but  that  the  muscles  still  contAioed  glycogen  to  thci  extent  of  Q'TlQ 
per  kiln  bndy  meigJit,  the  mniiinal  amount  being  1"4I4  grm.  These 
avtiiagca  were  obtained  by  obflcrvatioiis  oo  thirtj-tiircc  birds-  In  two 
cases  proteii — m  the  form  oi  flesh  p-iwder  which  had  been  eitracted 
till  no  glycogen  could  be  detected  iu  it^vr&s  fed  to  pigeoua  which,  had 
been  «taT-ved  for  three  aad  ^eveu  days  rBapectively.  Aq  average  of 
2'03  grm.  glycogen  per  kilu  body  weight  vita  found  Eifter  tlie  plgeoDH 
hiLd  btiou  fed  for  llf^eeu  ij,nd  twenty-tive  days  on  the  proteid.  We 
luive  seen,  bowevpr,  tluLtafter  from  four  tij  ttight  dayn'  survatlon  there 
ro^y  HtiU  bo  1-414  prm,  glycogen  per  kilo  body  woight,  eo  that  the 
positive  increnee  of  glycogen  in  the  above  exparimerits  would  otHy 
amount  to  0"616  grm,  (2-03-l'4H},  which  amount  might  well  be  tx- 
coimted  for  by  traces  of  glycogen  in  the  fls^b  powder,  too  small 
indeed  to  give  any  chemicjil  reiiction,  yet  sufficient  in  fotu  to  yield 
a  oonRidorable  amount  of  glycogen — Kocing  that  dining  the  &xp&ri- 
ment  1058  U^oi.  wnter-  und  aeh-fi'ee  j^esti  [lowder,  representing  about 
5  kg.  fr^ah  flcab,  were  administered.  Much  of  the  Qesh  used,  too* 
undoubtedly  underwent  slight  piitrHfaction  before  ail  the  glycogen 
had  been  ojetractodj  &nd  by  this  procesft  much  of  the  glycogen  had 
doubtlBJ4j4  become  converted  (ntu  dextriD^  which  would  not  be  detected 
by  the  Briicke-KuU  method. 

The  experimenta  on  hens  were  conducted  on  the  same  plan. 
After  BLX  fco  sevtin  days'  fltarvation  the  average  amount  of  glycogen 
in  the  liver  and  niuecloa  per  kilo  body  weight  was  found  to  be  0'f556 
grm.,  the  ranxiraal  amount  being  I  GOfi  grm.  Aft^r  feeding  hen*  pre- 
viously fitarvod  for  three  diiya  with  flesh  powder  for  poriod.s  vrirying 
From  eight  to  foi'ty -three  days,  xt  was  found  thnt  ou  an  average  1'634 
grm.  glycogen  per  kilo  body  weight  had  been  depoHited  in  the  liver 
and  miiticle^:.  This  i^  almost  the  same  as  the  maximal  ammmt  fmind 
for  stair ing  hena^  vil.  I  ftuft, 

From  ^uc>h  retiultd  ns  these  PAiigei'  remarks  that  we  can  only 
oonclude  that  *^  notwithhtandiug  excer^fiive  Qenh  feeding,  no  deposition 
of  glycogen  hud  occurred." 

With  fibrin,  aemtn,  and  egg  albumin  nnd  caanm  aimilar  reanlta 
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were  obtained  by  Etit^,  there  boitig,  in  none  of  the  obfervationa,  any 
undoubted  glycogeo  fuiniatiarL. 

A  i-ept^titicm  of  the  v/oik  of  Kiilz  in  urgently  roquired,  bad,  in 
doing  BO,  tbe  predLUtLau  wJlE  require  to  be  taken,  not  only  thnt  >& 
more  accurate  metbod  of  glycogen  cfdiimatioQ  tban  thiLt  of  Briiuke- 
Eiil?  i«  ^mployci,  but  also  that  the  (control  atiimulA  are  examined  at 
tibe  ?amQ  time  of  the  ytar  a,a  thfi  nnimula  tu  ^vhicb  proboiit^  are 
a.dmmistorf><) :  for,  as  ve  have  ^^alil\  at  different  p^riod^  of  tli3  yonr 
tLo  amovmt  of  glycugou  pvr  kilo  body  weight  variea  eouj^idurhblj^ 
KiiJa  did  not  tuko  this  preoantioa.  Groat  crhre  muj^t  also  to  takeu 
that  the  pj-otpid  othiiinistere^l  in  free  from  cjirbohydratflb. 


Even  from  the  moro  recently  recorded  observations  on  tbe 
influence  oE  proteid  feeding  on  glycogen  formation  little  that  is 
definite  car  be  stBted.  Wp  will  f^onlK'nt  oiirsplvps  with  only  two  of 
the  observHtiouH.  SohiJndi^rff  (^^)  cinnpared  bhe  amount  of  glycogen 
(estimated  by  Pflfiger's  method)  in  froga  which  liad  received 
several  aubcutonooiis  injections  of  a  ten  per  cent,  solution  of  pure 
casein  (given  in  one  c.c,  doses)  with  the  amount  in  frogs 
which  bad  bpen  starved,  and  found  that  no  increase  of  glycogen 
vra3  caaaed  by  the  injections  —  that  is  to  aay,  that  carbo- 
hydrate-free proteid  cauaes  no  disposition  of  glycogen-  This  con- 
oiusion  for  froga  fed  on  caBoin  has  boon  confirmed  by  Blumenthal 
and  Wohlgemuth  (^),  who  also  found  that  similar  experiments 
with  pgg  albamin  did  cauae  glyuugen  to  he  deposited,  since,  as  we 
have  E<^eiL  (p.  S17J,  this  proteid  coutaiua  a  considerable  amount  of 
carbohydrate  in  its  molecule. 

Of  course,  aa  Bendix  points  out,  it  is  ecarcely  aLowable,  as  a 
general  principle,  to  assume  that  physiological  processes  are  the 
same  in  frogs  aa  ifi  warm-blooded  a»ifnals  ;  but  stdl  it  mnat  be  re- 
membered that,  io  tlie  caae  of  glycogen  formation,  the  translation  of 
results  from  the  one  group  of  nnimals  to  the  othor  may  not  bo  so  far- 
fetched, for  both  proups  of  animals  live  on  proteids.  fats,  and  carbo- 
hydrates, and  cold-blooded  animaU  are  energetic  glycogen- form  era. 

Bemiix  {^)  made  several  observations  on  dogs  which  he  states 
that  he  trie4  to  render  glycogen-free  by  starvation  for  two  days 
followed  by  four  hours*  work  on  a  treadmill,  lie  found  that  by 
feeding  such  doga  with  various  proteids  (eug  albiuninj  (casein, 
gelatin)  for  from  two  to  five  days  glycogen  deposition  occurred, 
PflUger,  iu  reviewing  these  resulta  (*f  BeiidiJt,  sees  a  positive 
gl3^x>gcn  formation  only  after  gluco-proteid  had  been  administered  ', 
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with  caaein  and  gelatin,  on  the  other  hand,  h©  denioa  that  tte 
reauJte  show  any  undoubted  glycogen  deposition. 

To  *T(m  ujf^  frkni,  Jiv  rna}/  sUitp  that.  tiUfiontfh  glycogen  fifTjntUioji 
does  ■prohablf/  occur  by /ceding  \mth  prates  which  cotikiin  n  carho' 
hydrate  gro^tp,  there  if  no  vnr^iiivocai  a:idcfice,  so  far^  thai  iki^  is  iht 
citsc  for  such  proteids  as  casein,  which  contain  no  suek  group.  The 
iphok  ^vestion  vrgenllt/  requires  reinve^ti^ion^  es^ecialiy  aince^  by 
the  indiriyi  tnelhod.  as  we  sJiall  srt'  IrUer,  the  evidence  undoubtedly 
points  to  sugtiT /ormation  from  all  protcid^. 

Although,  Q3  we  have  aecn,  th«rc  ia  some  douhb  a6  to  whether 
ingeated  proteide  can  form  glycogen,  it  has  been  recently  shown 
by  Hirach  and  Roily  (^^)  that  the  proteids  of  tlte  animal's  ovftt 
tigsttes  certainly  can  form  it.  Adopting  all  the  precautions  set 
forth  by  PfiUger,  aad  by  the  employment  of  his  method  for  the 
estimation  of  glycogen,  theae  workers,  after  rendering  aoimala 
gl^oogen-free  by  the  use  of  strychnine,  inoculated  thein  with  an 
attenuated  culture  ol  the  bacilhw  Coli  Communis,  Fever  followed. 
After  some  time  the  animals  were  killed,  and  their  tisaiiefl  were 
found  to  contain  a  conaiderabie  amount  of  glycogen.  Aa  la  weO 
known,  fever  induces  an  active  breakdown  of  the  proteid  fciflaueo, 
and  it  was  doubtless  from  the  decomposition  products  of  this  that 
the  glycogen  had  been  formed. 

Afl  explained  above  fp.  ^2Ti),  evidence  of  this  tiasiie-proteid 
source  for  glycogen  is  also  obtained  when  rabbita  rendered  glyoogen- 
irce  by  stryc-hnmo  are  allowed  to  aleep  aoder  chloral  for  more 
than  twelve  hours. ^ 


What  becomes  of  Glvcogen  i\  the  Orgakism  ? 

Concerning  the  fate  in  the  trrgantsm  of  the  glycogen  stored  in  the 
liver,  there  are  two  so-called  theories,  the  one  by  Bernard  (*)^  the 
other  by  Pavy  (***),  Bernard'a  theory-  ascribes  to  glycogen  a  func- 
tion in  animal  Ufe  analogous  w^th  that  of  starch  in  plant  life,  viz, 

^  In  a  Mii»  oF  lovtiBtigBUDBa  cuiied  out  □□  ibe  sudu  plau  as  iljat  deiailed 
above  for  proteidi.  E.  KUli  liu  tound.  urea  to  JLUteaac  the  glycogpji  onni^itig 
of  the  lifer  In  hetiB  ami  rabbim.  Other  workers  (Hohnmnn.  NebeJihau,  ftc.) 
have  rei-ordett  lim^lar  rgfiult*^  with  amiDObiLiDi  cArboimta,  gl7i^ip«  aapan^ii], 
&c.  Id  muBt  of  these  lOGnarcheG)  tbo  liver  ^l^cagi^D  oIoda  visu^  c^timarcd 
nb^cli  readars  ths  rc,'4uUt  of  IJttle  vjilIiiCi  eiiicI  in  those  in  which  iho  glj'cugen 
ID  the  cjiliie  body  vaa  detctmiDed,  tho  djlTeter^cca  wore  nosliglil  tbaL  DolbtDK 
dHfioile  CBU  be  rtla(ed  Itvm  tUeui- 
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tbat  of  a  reserve  carboliydrat^^  Tlie  sugar  in  the  portal  blood 
which  ia  ir  excesa  of  that  in  the  ayatemic  hlood  (i.e.  abovR  02 
per  cent,)  ia  convf?rte(l  ioto  glyccgen  in  the  liver,  and  whenever 
the  amount  of  sugar  in  the  sjiiteDaiG  blood  tends  to  fall  below  ita 
normal  percentage,  the  liver  glycogen  is,  according  to  this  theory, 
reconverted  into  sugar,  which  is  liberated  into  the  blood  o£  the 
hep&tio  vein,  and  so  keeps  up  the  average  percentage  of  sugar 
in  the  systemic  blood.  At  £.rfit,  Bernard  thought  that  the 
glycogen  was  derived  from  protcida  and  nob  from  carbo- 
hydrates, 

Pavy  admits  that  glycogen  is  derived  from  escefts  of  flugar  in 
the  portal  blood,  but  thinks  that  this  g lye* jgeti  never  again,  under 
normal  coaditiona,  becomes  transformed  into  sugar,  but  is  built  up 
into  no n -carbohydrate  Bubatances,  viz.  fat  and  proteid,  which  then 
unde^o  metabolism  along  their  own  lines. 

We  will  discuss  Bernard*a  theory  first.  By  this  theory,  it  is 
easy  to  explain  why  the  percentage,  of  sogar  iu  the  systemic  blood 
should  be  practically  constant,  although  there  are  considerable 
variations  in  the  sugar  content  of  the  portal  blood.  The  amount 
of  sugar  in  the  body  depends  mainly  on  two  factors  :  firstly,  on  the 
supply  of  sugar  from  the  intestine,  and  secondly,  on  the  rate  of 
oxidation  of  sugar  in  the  Liasues,  The  second  factor  is  a  fairly 
constant  one — varying,  of  course,  somewhat  with  the  activity  of 
the  muscles— but  the  first  factor  varies  enormously  accordini;  to 
whether  digestion  be  in  progress  or  not-  The  balance  of  action 
of  these  two  factors  would  therefore  tend  to  cause,  during  the 
absorption  of  food,  an  overplus  of  sugat  in  the  systemic  blood,  and 
dAiring  starvation,  a  deficit.  We  have^  however,  seen  that  when- 
ever the  percentage  of  sugar  in  the  systemic  blood  rises  dis- 
tinctly above  02  sugar  appears  in  the  urine — a  condition  of 
glycosuria  ia  eaUblished ;  but  glycosuria  prartically  never  occurs 
under  normal  conditions:  acd,  on  the  other  hand,  the  systemic 
blood  always  containa  between  0'05  and  O-li  per  cent-  o£  Hugar. 
even  during  starvation-  To  explain  this,  Bernard  offers  the  above 
theory- 

The  most  important  facts  wliich  Bernard  brought  forward  in 
support  of  his  theory  are  aa  folJows: — 

Firstly,  the  percentage  of  augar  in  the  liver  ia  higher  than  in 
any  other  organ  or  tieaue. 

Secondly^  after  death,  the  glycogen  in  the  hvcr  gradually  dis- 
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Appears  aiui  sugAr  t&kes  its  pUce^  This  is  the  resoh  of  the  action 
of  &  ienaent  in  the  hep&tic  c«lb,  which  goes  oq  AcQog  &fter  deMh 
jiut  afi  it  does  durmg  life. 

ThirdlT,  thd  percentage  of  Aigar  m  the  blood  of  tho  hep&tiD 
vein  la  greater  than  that  of  th^  blood  ia  the  port&l  vein  when  no 
ftbaorption  o(  food  from  tbe  intestine  is  in  progT^iSH, 

Foorthly,  the  blood  going  to  the  miisdes  (&rlenal}  contains 
more  sugar  Uiaa  the  blood  coming  from  the  muscles  (venons)* 

If,  to  theaa  foots,  it  be  oddod  that  during  muacoiar  work 
glycogen  disappears  first  of  all  from  the  liver  and  only  aft«r  some 
tjme  fiT>m  the  moscles  f'see  p^  324).  and  that  the  difference  in 
sugar  contents  between  venous  and  arterial  blood  increaaes  during 
muscular  woric,'  then  Bernard's  theory  would  fieem  to  be  estab- 
lishied,  for  it  is  inconceivable  that  when  the  muscles  require  more 
glycogen — as  they  do  when  they  become  active — the  liver  should 
proceed  to  convert  its  glycogen  into  some  non -carbohydrate 
material,  such  as  fat.  instead  of  transfeiring  it  as  augai  to  the 
muscles. 

Now,  let  us  ftee  on  what  grounds  Pavy  objects  to  Bcrnard*B 
theory.  In  doing  this  we  will  take  up  Bernard's  proofs  in  the 
order  given  above^ 

Firstly,  the  jjercenta^e  of  sugar  in  the  liver  ia  no  higher  than 
that  of  other  organs  and  tiasui^  if  the  estimation  be  made  imme- 
diately after  the  death  of  the  animal  and  precautions  be  taken — by 
freasdng  the  organ — to  stop  at  once  the  action  of  the  glycolytic 
ferment  contuned  in  th?  blood  included  in  the  blood-vessels  of 
the  liver  (see,  however,  p-  324). 

Secondly,  the  accaraulation  of  sugar  and  the  disappearance  of 
glycogen  which  occur?  in  the  hver  after  death  is  purely  a  post- 
ntfyrtem  phenomenon,  there  being  in  the  Uver  cells  during  Ufe  no 
glycolytic  ferment. 

Thirdlv.  the  higher  percentage  of  sugar  in  the  blood  of  the 
hepatic  vein  over  that  in  the  portal  vein  la  due  to  the  stimula- 
tion of  Bcnsory  nerves,  which  neceaaarily  follows  from  the  method 
used  to  collect  the  blood  for  analysis.  This  method,  as  practised 
by  Seegen,  consisted  in  passing  a  gum  elastic  c^athetcr  dowi]  the 
superior  vena  cava  to  opposite  the  entrance  of  the  hepatic  veins 
in  animals  which  were    not  ancesthetised.       That    the  irritation 


1  Th«re  i^  hoverfli.  «tra«  donbt  regarding  the  accutacj  oF  thlt  result ;  aas 
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of  sonaory  nervea  doea  cause  increaaed  production  of  sugar  from 
the  liver  is  an  undoubted  iact. 

FourtWf,  &A  a  result  of  a  large  number  of  carefully  conducted 
analysps,  Pavy  concludes  that  the  amount  of  sugar  hi  venoa^  and 
arterial  blood  Is  practically  the  aamo.  The  average  oE  his 
analyaea  for  arterial  blood  ia  0-941  gnn.  and  for  venous  blood 
0"'J3^  grm-  poT  1000  firm,  bloods 

The  third  and  fourth  *'  proofs."  v&  see^  depend  on  the 
quantitative  analysis  uf  the  blood  for  au^ar^  a  proiiesj*  which  ia, 
technically,  very  difficult  and  ifl  aubject  to  &  considerable  expeii- 
mcntal  error.  Moreover,  even  if  between  meals  the  liver  should 
add  dextrose  to  the  blood  of  the  hepatic  vein,  the  percentage 
Increaee  of  sugar  thus  created  could  be  only  very  sl^ht,  on 
account  of  the  enorrnoua  amount  of  blood  which  passes  through 
ihe   organ.      In   hia   criticism    of    Bernard's   second   proof,  Pavy 

OB  ib  aa  certain  that  the  hepatic  oolb  contain  no  active 
tio  ferment  during  life.  That  this  i&  incorrect  has  been 
tely  shown  by  Pick,^ 

Th£  balance  of  evidence  staTids  infavowr  of  Bci'Tiard'a  theory. 


Tfte  Iraiisforin/itlon  of  the  glycogen  of  tkt  liver  into  sugar 
proceeds  very  rapidly  immediately  after  death,  and  then  alows 
down,  BO  that,  even  aftor  aevoral  days,  there  still  remaina  some 
unchanged  glycogen.  Tliua  Pavy  states  that  the  living  normal 
Kver  contains  from  01  to  0^4  per  cent,  of  sugar;  a  few  minutes 
after  death  this  rises  to  from  1"2  to  I'O  per  cent.,  and  in  about 
twenty-four  hours  it  amounts  to  from  li  to  3'o  per  cent. 

Such  a  result  would  at  first  sight  seem  to  point  to  some 
vital  process— which  J  gradually  dying,  causes  the  falling  oS  in 
the  productian  of  sugar.  In  speaking  of  the  cause  of  the  trana- 
formatitin  as  a  "vital  process"  we  mean  a  living  state  of  the 
protoplaam  of  the  cells;  aome  workers  hold  to  this  view.'    Other 


^  ]n  support  oE  hta  cheory  Pavy  givAi  hi9toI^gi1^FL]  evljlencs  af  the  f^anvprflion 
cf  glj^cogL'd  into  iat,  not  only  in  the  Livar  but  also  in  Ihe  iQli?stinG.  He  aaniiidijrfl 
tbo  iDlcdtlnaL  opitbcULim  the  Hret  barrisr  against  iho  paesago  nf  Ba^&r  into  the 
blood  i  whftt  escapes  fcbui  nstoDtion  filter  (ntj  being;  caught  up  by  tha  liver- 
,  ^  U  :ih(iu]d,  howorpr,  bo  polutud  oni  that  Pavy  hiuscif  dues  not  b«1ieve  in 
Ittie  "viL&l  proQCffi"  tboorj,  bat  Lhlnka  this  pntt-mortevi  A^gar  pruTluoticD  to  bi; 
entirely  tJut^Uiaoiuu  furmentr— cunlulnmi  iatbo  blootl— vbich  comoa  toaob  CD  the 
User  gljcc^en  after  death. 
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workera  (atd  they  include  the  majority),  asoribc  the  hydroIyaiB 
of  glycogen  to  a  ferment  produced  by  tte  hepatic  celU,  In 
support  of  this  latter  view  aland  the  following  observationa  : 
feniJRnls  can  act  in  weak  thlorofonn  water  or  in  a  (>^'2  per  cent, 
solution  of  fiodinni  fluoride,  whereas  in  these  antiaeptica  all  vital 
action  is  stopped  ;  now  pieces  of  liver  when  minced  and  placed 
in  either  of  these  aclutioas  go  on  actively  tranafonning  j^lvcogeo 
into  Hugar.  A  piece  of  liver,  washed  tree  of  all  traces  of  sugar 
and  blood  aerum  through  its  blcHKl- vessels,  hanlened  in  alcohol, 
and  then  triturated  with  glycerine  in  %  mortar  yields  an  estract 
with  marked  glycogcnctic  powera- 

There  can  bo  no  reasonable  doubt  that  the  proceaa  depends 
on  a  ferment-  Even  if  we  Btate  that  it  is  due  to  the  ao-called 
vital  activity  of  the  hepatic  cells,  we  can  mean  nothing  more 
than  that  it  ia  a  ferment  proceas  occurring  in  the  hving  proto- 
plaam  o£  the  bepatic  cclla,  instead  of  at  the  glyoogcn  depota 
themselves ;  that  a  aymase,  or  intracellular  ferment,  acta  and 
not  a  extrarelliilar  ferment.' 

A  ainiilar  ferment,  i./:.  one  producing  dextrose  from  glycogen, 
19  contained  in  the  blood.  This  may  possibly  owe  its  origin  to 
the  hepatic  cellSf  having  escaped  from  these  into  the  blood. 

The  presence  of  this  ferment  actually  present  in  the  liver  cells 
is  a  strong  argument  in  favour  of  Bernard's  tlieory. 

Accepting  Bmiitird''i  /'^rpktmitwji  regardiiig  the  fate  of 
glycogen  in  tke  orgaiiisiii  as  the  -m,wr  probaile  onr,  we  viuM 
next  consider  whew,  and'  by  what  agcnci/.  iht  dextrose,  throwni 
into  the  hl&od  by  the  hydr'iy&is  of  yfycogen,  ia  u^d  up.  We 
must,  m  other  words,  invealigale  the  cause  of  glyeol'i/'nn. 

It  cannot  be   in    the    blood   itself   that    this   process   t&lna 


^  ThiB  JB  Dnstre'B  cunccprdon  of  ihe  [iroceu  [^).  Hp  cottslckrs  th&t  there 
GJldTij  in  t)j(<  Uvcr  celln  an  pndoeiiTVmF  capable  o[  convi^rting  gLyeog<*D  into 
inaJiofi0»  jU5l  as  there  e»i«ts  [n  yeMt  an  endooiitynie  which  Inserts  mne-augsr. 
Thi&  Bndosnij'me,  daring  life,  ia  firmly  hcH  in  tho  hepatic  oelU.  bat  vttn  b« 
■pjArat^U  frLim  tbem  hy  70.11009  motbode,  eg.  bj  aociug  oq  tbom  with  ohlorofonn 
water  «  0 '2  per  ucnt,  of  sodium  flaurUe  in  fibj  wulogk al  bjiHdc.  F.  Pick  ^'•) 
{HofmolBlfif'ii  Scitr.^  ili,  1113,  11*02)  ^;ouflriUB  ibie  view  of  Dnalre,  »nd  shoB* 
iHrthrr  that  try  boiling  an  (.'ilract  of  liver,  made  by  tfitiaclins  ail  alcolmJio 
predpiiatf  of  liver  whh  0-ti  ppr  rent.  NjlCI  solution  Cf>Qfaining  02  per  cent, 
sodium  lluimdaH  the  dlaatatie  action  is  lout,  &nd.  turthur,  that  tbP  riiasiitifl 
ftCllQU  of  §uoh  fin  pxlract  is  drongot  thnn  iLot  of  blood,  showing  that  the 
"■rniEEtis  not  dpmed  from  thi*  sonrcc,  but  in  a  produat  of  tho  hopntiw  c«Ua. 
his  Important  obacmlioa  is  in  direat  nnlaponifim  to  Pnvy'a  TJew. 
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tor,  «ftcf  dnwB  Uood  lus  ttooA    for  ftboot  kn  hoar  m 

the  incubator,    thent  «  only  ft  BmaU    redDctkni   in    ita  m^ar 

contents,  m  gljcoJjns  lu  too  leebfe  Ic  aoooimt  lor  the  i&pid 

And  ext«BHT«  n^hr  deotraetioo  vltkli  undoubtvdlj  ocmis  in 

^kie   body.      The  wuike   i«    tnie    for    blood    kept   in   b  doubly 

^'JE^tured  bkiod-nBel  (Bnng  VcJt-tabv) ;  Hs  percvntagr*  of  eugatr 

Having  obtJUoed  «oiDc  eridence  that  tt  is  in  the  muscles  th&t 
the  dextroae  is  used  op— for  on  examifiii^  the  blood  romiog 
^m  a  muscle  in  ^m,  especuUy  an  tctire  one,  there  Is* 
According  to  moet  aathonUes,  disdocdr  less  dexbose  than  m 
the  arteiiai  bktod  going  to  it — wc  wonkd  expect  an  extract  of 
mnacle,  or  its  ^sprc^Md  tusne  jniee,  to  poeseaa  a  distinct  glvto- 
j^jrtic  power,  w^^  hoverer,  is  not  Uie  ewe. 

As  we  rittll  tm  later,  wlira  tlu  pancreu  is  eompletely  excised, 
eana  io  be  oxidised  in  the  organism,  so  that  it  aecumu- 
Ifltea  in  tbc   blood  and  ov^rdowA  loto  the  uiiat,  diftbeta  being 
the  reenh.    This  would  lead  ns  to  expect  that  the  pancRtta  ntuaC 

^BK>rmally  famish  something 'to  the  organism  which  can  produce 
glvcolysis.  When,  however,  we  try  to  demonstrate  the  presence 
of  this  siibstacce  id  pancreatic  extract,  or  m  the  expressed  juice 
of  tbe  pancreaSk  it  m  impomble  to  obtain  any  pooitire  resvh. 
In  all  these  casea  a  slight  decomposition  of  dextroae  mar  enaue, 
which,  if  not  the  result  of  bacterial  growth,  is  probably  due 
to  the   action  of  the  oxida^  or  oxidi^g   ferments  nniveTsally 

H  present  in  socb  extracts. 

^  A  satisfactory  explanation  of 'these  seemin^y  contiadictory 
results  haa  recently  been  famished  by  Cchnheim("),  who  has 
found  that  if  the  expreaaed  tissue  jnica  of  a  muscle  be  mixed 
with  the  expressed  dasue  juice  of  the  pancreas,  a  mixmre  is 
obtained    which    has    great   glvcoK'lic   power.      Evidently,  then. 

^-muscle  prodocea  a  termect,  itself  incapable  of  decomposing  dex- 

^■trese,  but  which^  when  acted  apon  by  an  internal  ferment  derived 
from  the  pancreas,  becomes  activated  ao  that  it  quickly  decom- 

Vpoaea  the  dewtroae. 
This  mechanisni  is  artalogona  with  that  which  under  certain 
conditions  exists  in  the  intestine  in  connection  with  the  action  of 
the  proteolytic  ferments  of  the  pancreatic  juice ;  until  this  eecretion 
reaches  the  intestine  it  cannot  digest  proteid — it  contains  only  the 
precursor  of  trypsin,  viz,  trypainogen — but  when  it  mixee  with 
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the  auccus  ent*ricija,  a,  body  which  this  latter  flGcretion  contains — 
enterokinase — renders  the  proteolytic  fenneiib  active,  tliat  is  to 
aay,  converts  it  into  trypsin.  It  is  likewise  comparable  with 
hficmolysia  by  hccmolytic  aemm»  where  two  bodies,  a  complemeab 
and  an  amboceptor,  are  neceasary  for  the  proceas^-and  with  all 
analogous  procesaea.  It  satisfactorily  eiplaina  why  exciaion  of 
tha  pancreas  should  inhibit  all  glycolysis  of  dextrose  in  the 
organism,  and  how  it  ia  that  the  vcaous  blood  from  a  muscle  should 
GOntuTi  leas  dextrose  thau  the  arterial  aupplying  it. 

This  work  of  Cohnheim  has  in  general  been  confirmed  by 
subaequenC  workers  (^'').  Not  only  the  ma^cle  but  other  organs, 
Huch  as  the  liver,  posaess  the  ferments  which  the  }mricreatiG 
zymaae  activates.  When  abundance  of  oxygon  ia  present,  the 
end  products  of  this  giycolysia  aro  carbon  dioxide  gas  and  water, 
whereas,  when  it  occurs  anaetobically,  at  first  alcohol,  and  later 
lactic  acid  are  formed,  and  later  still  oxy-hutyric  acid-  Each  of 
these  stJigea  ia  really  produnfid  hy  a  dilTerent  ferment,  the  alcohol- 
producing  ferment  acting  first,  then  the  lactic  acid  ferment,  and 
lastly  the  but>TLo  acid  ferment.  It  has  bee^  suggeafced  that  it 
may  be  to  a  suppression  of  the  alcoholic  and  lactic  acid  ferments 
and  an  excessive  action  of  the  oxy-hutyric  acid  ferment,  that  the 
presence  of  the  latter  acid  in  Diabetes  mellitua  is  due  (Stoklasa  ^^), 

The  Gonditiona  urhicht  apart  from  food  arid  mtismuhr  exercise, 
influence  the  amount  of  ghfcogen  in  the  liver. 

Of  the^e  t!ie  most  important  are  the  variona  forms  of  ex- 
perimental diabetes. 

The  first  form  ol  experimental  diabetes  to  be  discoyered  was 
puncture  diabetes,'  If  the  floor  of  the  fourth  ventricle  of  the 
brain  he  punctured,  sugar  shortly  afterwards  appears  in  the  urine. 
In  rahbita,  in  which  this  form  of  experimental  diabetes  has  been 
very  extensively  studied,  the  point  of  puncture  is  hounded  above 
by  %  line  joining  the  roots  of  origin  of  the  nervi  acoustici,  and 
below,  by  one  joming  that  of  the  vagi.  The  puncture  ia  made,  by 
means  of  a  strong  ateel  pencil,  in  the  median  hoe  of  the  occipital 
bone  in  front  of  the  occipital  protuberance.  The  puncture  is  con- 
tinued till  the  Para  baailarifl  ia  reached,  when  the  instrument  ia 
withdrawn.  The  cerebellum  ia  injured  by  the  puncture  but  not 
seriously  (Bernard^). 

1  Piq^e,  m 
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In  irom  one  to  two  hours  oftar  the  puncture,  or  ovon  sooner, 
sugar  appears  m  the  urine.  In  the  rabbit,  the  glycnHuria 
di3appea.ra  after  five  or  six  hoare,  seldom  Iflsthig  twenty-iour. 
Id  the  dog,  on  the  obhec  hand,  it  may  last  a^  long  as  aeven 
da^-s.  If  the  animal  be  killed  and  the  liver  esaroincd  after  the 
Biigflr  has  disappeared  from  the  urine  no  glycogen,  or  only  a 
trace  of  it,  will  be  found.  On  the  other  hand^  if  the  animal  be 
starved  for  iieveral  days  previcua  to  the  puncture — and  the 
atore  of  glycogen  be  thereby  greatly  reduced — no  glycosniia  will 
follow  the  pLiuoture, 

To  illustrate  these  statementa,  the  following  table  of  reaulta, 
obtained  by  Dolley  and  the  author,  may  be  of  intereat. 

Table    II 


Nun  bar. 

Tlmaof 

HmQftt 
iTrlnoTatt. 

FbtOcbL 

anctr- 

ftamrla 

1 

1-5  kg. 

11.30  JL.U. 

4        TM, 

2 

n.45  „ 

■1          1, 

1-33 

— 

3 

11 

a.46    „ 

3.30    „ 

none 

Rabbi  1^  pre  vioualy 

4 

1-8  kg. 

I0.6&    ^ 

4         » 

)lar|fc 
f  amount 

— 

& 

£^5  kg. 

0.45    ,, 

1         » 

e-33 

— 

6 

n.hovM. 

a4B  „ 

3-7 

^— 

w 

^H       The  percentage  of  augar  iu  the  blood  duriug  the  presence  of  the 

^■glycoaurifl  ia  considerably  above  the  normal.     All  these  facta  point 

^P  to  the  glycosuria  beiag  dua  to  the  too  rapid  transformation  of 

glycogen  into  sugar.     If  wc  accept  Bernard's  theory,  wc  cau  state 

■  that  hyperglycogeueeia  has  occurred;  if  Pavy's,  we  must  asaiune 
that,  iiiatead  of  being  tranflformed  into  fat  and  proteid,  the 
glycogen    baa   become  hydrolyaed   into   dextrose :    in    both    cases 

■  hyperglyotemia  would  be  caused . 
It  iB  interesting  to  note  here  that  tumours  in  various  parts  of 
the  central  nervous  syatem  in  man  have  frequently  been  found, 
'prjst-wfrtem,   where    glycoanria    has   been   one   of   the    aymptoma 
before  deatK. 

The  puncture  of  the  medulla  acta  by  producing  irritation  of  the 
diabetic  centre,  and  not,  qh  might  ba  imagined,  by  its  deatmetion. 
The  short  duration  of  the  glycosuria,  as  well  as  the  fact  that  if 
the  animal  be   kept  under  anEesthesia  no  glycoauria  occurs  on 
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puncture,  IB  evidence  of  this.  Moreover,  the  centre  <»ii  be  eicited 
by  the  atimuktion  of  afferent  nerve  fibres.  It  is  a  true  rcdcK 
centre.  The  afferent  fibrea  run  in  mOBt  of  the  sensory  ncr\'es,  and 
hzvQ  been  exhJLUstivoly  studied  in  tho  vagus  nerve  of  the  rabbit, 
especially  by  C.  EckIirLrd('^).  This  worker  found  thtit  by  merely 
cutting  one  va^s  in  the  neck,  a  transitory  glycoauria  lasting  a  few 
hours  was  produced.  After  the  urine  had  bGcorae  sugar-free,  the 
central  end  of  the  cut  nerve  was  stimulated  electrically,  off  and  on 
for  three- quarters  of  an  hour,  whereby  the  urine  bccftine  glycoauric. 
The  wound  was  then  closed  and  the  rabbit  placed  back  in  its  cage. 
Nejtt  morniug,  thii  urine  liiid  become  sugar-free.  The  nerve  was 
again  stimulated  and  sugar  again  appeared  in  the  urJno,  and  so 
on  for  several  days.  This  experiment  was  auccesaful  only  on  well- 
ied  animala.  The  glycosuria  which  appeared  on  merely  cutting 
the  nerve  had  doubtless  been  due  to  irritation.  Cutting  the 
sciatic  nerve  or  irritation  of  the  cardiac  depressor  nerve  in  the 
rabbit  similarly  tends  to  induce  glycosuria. 

Seveial  cbnical  eaecs  aro  reported  where  severe  neuralgias  (of 
facial  and  sciatic  nervea)  and  the  preaaure  of  tumoura  on  nervea 
(vagus)  existed  In  patients  exhibiting  glycosuria. 

The  following  table  of  observations  by  Dolley  and  the  author 
illustrates  this  form  of  experimental  glycosuria. 

Tablb    III 


Vd. 

Aolmiil. 
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1"53 

1'72 
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\  auiount 

tTfkG« 

Vb 
0-46 

So  far,  then,  we  see  that  there  must  be  a  centre  ju  the  medulla, 
atimulation  of  which  causes  an  increased  production  of  sugar  in 
the  organism,  with  a  consequent  hypa^lycfemia  and  glycoauna; 
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and,  furthermore,  that  this  centre  can  be  excited  through  several 
aeuaorj  nerves.  It  remains  for  us  to  aacertain  hy  what  nerve 
path  the  eff'rrrent  iinpvJj^rn  from  thi^  centre  are  tranamittctl,  and 
if  it  be  the  hepatic  glycogen  alona  which  ia  tranfiforciBd  into 
sugar  when  the  centre  is  stiraiiUted.  or  whether  glycogen  stored 
elsewhere  In  the  organiam  may  not  aUu  [Contribute. 

If  the  splanchnic  nerves  be  cut  juat  after  their  entry  into  the 
abdomen,  or  the  upper  thteu  thoracic  nerve  roots  torn  out^  or 
the  spinal  cord  cut  across  above  the  first  thoracic  root,  and  the 
diabetic  centre  be  then  punctured,  no  diabetes  wilJ  be  found  to 
result  {Man:  Laffont,^  Eckhard^^).  On  the  other  hand,  if  the 
spinal  cord  be  irritated  opposite  the  brachial  aweihng  (Pavy*), 
or  if  the  posterior  coUimns  alone  be  cut  (Schifi  ^*),  or  if  the  lower 
cervical  and  upper  thoracic  sympathetic  ganglia  be  ent,  a  more 
or  leaa  marked  glycosuria  will  reaidt  independent  of  puncturing 
the  fourth  ventricle.  The  cutting,  in  these  experiments,  doubtleaa 
acts  as  an  irritation. 

All  these  eEperiments  are  usually  taken  to  show  that  the 
efferent  patb  of  the  impulses  from  the  glycoauric  centre  is  by  the 
spinal  cord  as  far  as  the  upper  thoracic  region,  then  by  the  upper 
thoracic  spinal  roots  and  rami  communicantes  into  the  lower 
c?rvical  and  upper  thoracic  sympathetic  ganglia,  and  then  by  the 
splanchnic  nerves  to  the  hver-  It  is  also  concluded  that  it  cao  be 
the  hepatic  glycogen  alone  which  is  influenced  by  the  glycosurio 
centre,  aint'-e,  were  the  glycogen  in  the  rauacles,  &c.,  also  under  its 
control,  glycosuria  after  puncture  should  nob  be  inhibited  by 
cutting  the  splanchnics  or  upper  thoracic  nerve  icaia^ 

As  stated  above,  irritation  of  the  cervical  spinal  cord,  or  of  the 
upper  thoracic  and  lower  cervical  ayrapatht'tic  gangha,  ia  followed 
by  glyccsnria;  if,  however,  the  splanchnic  nerve  he  irritateJ 
[electrically  stimulated)*  no  glycosuria  is  induced.  This  remarkable 
result  would  seem,  to  indicate  that  in  passing  through  the  eym- 
pothetic  ganglia,  the  glycosuria -producing  impulses  had  undergone 
some  change;  stimulation  of  the  pre-ganghunlc  nerve  fibre  pro- 
ducing glycosuria,  which,  however,  is  not  produced  by  stimulating 
the  post -ganglionic. 

As  is  well  known,  I^ngley  has  shown  that  nicotin  paralyses  the 
synapses  of  pre-ganglionic  fibres  in  the  sympathetic  ganglia ;  that 
it  institutes  a  block  ao  that  impulses  can  no  longer  pass  through 
the  ganglia.     Wishing,  therefore,  to  see  whether  the  glycosuria -pro- 
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I 
3 
3 

5 

6 
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ducing  impeilsea — reaulting  from  puncture — could  be  blocked  by 
nicotin,  we  iiijcotod  tlie  dnig  Bubciitaoeously  and  then  punctured 
the  medulla,  with  the  rejiults  depicted  in  the  following  table. 

Table    IV 


Don  Df  NlDdtlB  por  Xs. 

7    „ 


'        IF 


Tims  of 

Idji- at  Idd. 


9.10  A,». 

12.45  KSl. 
1  P.U. 

B.3Q  A.u. 
e.3S  AM. 


Tlmonf 


TIlPB  of 


FniiDl-iirii.       Vrln*  Teit. 


]  immed.  | 
I  aftci  I 
10.30  A.M, 
\  iiumod.  I 

n 

,"  ) 

)  after 
i  4  mini. 
j  ftfur 
/  4iiimB. 


4  r.y. 

3  P.M. 

3.30  P.U. 

3-3(1  r.v, 
]S,3iJ  r.u. 
1.30  f,H. 

10.B0  A>«. 
10.40  J.U. 


rprCeut. 


KufUftrbB- 


0'5  Convnlaiona 

none       Corrot-fcd 


DDDe 

ti-ace 
none 

trace- 


CDHVuIaLona 

CoDTulflioas 
t_'aiTot-fecl 
CotivuldciaA 
Carrot- fed 


It  will  be  Been  that  the  nicotin  had  undoubtedly  prevented  the 
usual  eSect  of  puncture^  possibly  by  its  having  instituted  &  blocV 
in  the  sympathetic  gs.uglia. 

All  tliewe  experimenta.  however,  may  not  have  niich  a  simple 
interpretation,  for  in  all  of  them  in  which  it  was  found  that 
glycOBuria  did  not  appear  on  puncture,  there  must  hove  been 
coinci dentally  eetabliahed^  by  the  experimental  procedure,  a 
condition  of  extreme  splanchnic  vaaodilatation,  and  a  conscqueut 
fall  of  blood  pressure,  which  alone,  as  we  have  shown,  is  suflicjetit 
to  cause  the  glycosuria  produced  by  vagua  atimulatioti  in  dogs  to 
disappear,  or,  at  Icastn  to  become  very  much  less  marked. 

For  example,  if  the  central  end  of  the  vagi  be  stimulated  until 
the  urine  becomes  fltrongly  Baccharine,  and  the  dog  be  then 
gradually  bled  from  its  femoral  artery  until  the  blood  preasure 
has  Ealleu  to  almost  one-third  its  normal  level,  it  will  be  found 
that  the  Bugaf  diaappeare  from  the  urine  or  diminiahee  markedly 
in  amount ;  or,  converael}',  if  the  dog  be  first  of  all  bled  imtil  its 
blood  pressure  has  considerably  fallen  and  the  central  end  of  the 
vagi  then  stimulated,  no  glycosuria  will  be  induced-  The  glycosuria 
we  have  found  likewise  to  dbappear  when  the  blood  pressure  has 
been  caused  to  fall  from  other  causes  than  bleeding,  aueh  as  by 
opening  the  thorax. 
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As  to  the  €^ae£  Tiature  of  the  fjlycoHurt'^-j/rofiucin^  ijTfpidjies 
we  know  very  liuk.  They  may  merely  Ue  vaso-ruobor  anrl 
cause  dilatation  of  tlie  hepatic  ve^ela  wliereby  an  increased 
BUgar  production  ia  Induced  (Bernard) ;  or  it  may  bo  that  there 
are  in  the  splanchnics  true  aecretoty  fibres  concerned  in  the 
control  of  the    ferment   or  zymase  production  in    the    hepatic 

We  have  already  aeen  that  atimulation  of  the  central  ends 
either  of  the  vagus  or  cardiac  depressor  cauaca  glycosuria.  In 
the  case  of  the  vagus,  a  lise,  and  in  the  case  of  the  cardiac 
depressor,  a  fall  of  aLdominal  hliHid  preaaiire  will  result,  that  ia, 
oppoait-e  changes  iei  blood  pressure  and  sfill  the  flame  effect  on 
BUgar  production,  which  would  aeem  to  show  that  there  may 
be  secretory  fibres  quite  independent  o£  thoae  controlling  blood 
pressure.  On  the  other  hand,  it  is  a  well-eatabliabed  fact  that 
atropin  paralyspB  all  true  secretury  nerva  terminations,  whereas 
it  doea  not  have  any  disdncb  influence  on  the  glycoauria  pro- 
duced either  by  puncture  of  the  fourth  ventricle  or  by  stimula- 
tion of  the  central  ends  of  sensory  nerves  (Dollcy  and  Macleod)» 

PflUger("J  offers  an  ingenious  speculation  regarding  the  i6l6 
in  the  anitnal  economy  of  the  reflex  control  of  sugar  production  in 
the  liver.  Sugar  l&  the  most  available  fooJ-stuiT  for  muscular  con- 
traction. 8o  that  when  a  muscle  contracts  it  uses  up  some  Bugar ; 
at  the  same  time^  however,  by  compression  of  the  muscle  spindlea 
afferent  uervoua  impulses  ure  set  up  which  are  caTned  up  to  the 
diabetic  centre,  and  so  leaci  to  the  liberation  of  more  sugar  from 
the  hver-  The  heart  ia  the  most  active  muscle  in  the  body,  and 
ecnaequcntly  requires  most  sugar;  ila  afferent  fibres  to  the 
diabetic  centre — carried  in  the  vagus — are  therefore  the  most 
active  of  all. 

In  connection  with  puncture  diabetes  ought  to  be  mentioned 
certain  experimental  conditions — such  as  the  inhalation  of  carbon 
monoxide,  asphyxia,  oxtensLve  hemorrhage  itself,  the  administm- 
tion  of  morphia,  curare,  strychnine,  acids,  &c.^  which  are  not 
infrequently  followed  by  glycoauria.  '^Tjat  the  exact  cause  of  the 
glycosuria  to  these  cases  may  be — whether  it  is  by  some  irritation 
of  the  so-called  diabetic  centre,  either  diiectly  or  through  EiHeient 
nerves,  or  whether  it  ia  some  direct  action  of  these  aubatancea  on 
the  hepatic  cells  leading  to  a  too  rapid  transformation  of  glycogen 

^  B«  EdiCur^B  I^Dle  Bt  etid  o£  roliuue. 
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intra  lugar — canuot  at  present  be  considered.  In  many  of  these 
caaes^  the  glycoauria  is  only  alight,  and  in  few  ol  thom  baa  the 
diaappearance  of  hepatic  glycogon^  so  characteristic  of  piqiirOi 
been  described,* 

Perliapa  the  HKHt  interesting  uf  all  these  fonnB  of  glycosuria  1b 
that  produced  by  the  intravenous  iniectiau  of  Bolnfdona  of  sodium 

salts,  for  example  of  Tn^-lOO  c.c.  of  -^NaCl  -  every  fifteen  minutes 

into  a  rabbit.  The  glycosuria  thus  induced  can  be  cut  short  by 
injecting  aulutioiis  of  caleium  salts  {riiie  *").  Solutions  of  oslciiim 
salts  tbemaelvea  do  not  cause  glycoauria.  The  action  of  the 
sodium  13  probably  on  tbe  diabetic  centre,  and  not,  eib  has  been 
supposed,  on  the  renal  cells,  rendering  them  more  pervioas  to 
dextrose. 

It  ie  probable,  boweverj  that  where  a  mild  glycosuria  e;nst«,  the 
Bu^r  mny  be  mado  to  disappear  from  tto  urino  by  eo-uning  the  ex- 
cretion i>i  urine  to  dirainish."  Thus,  it  hnw  been  sitateii  by  WidtCT- 
tbat  atropin  diminbhes  uriua  excretion^  and  thivtt  if  :t  b«  AJminie- 
tered  to  aniiu^lr^  rendered  mildly  glycosurio  by  drugs,  it  cauBAs  n 
ilisiLjipeurauLiQ  of  su^nr  in  the  urtoe.  It  may  be  tihiib  it  h  to  depressed 
Dxi^rotioii  of  urine  that  is  dui>  tbi)  ili&appearfineo  of  sugar  from  tlio 
urine  which  fallows  n  considc^riLble  fall  m  blood-pi-essnre  in  dogn 
ren'lerail  glycosuric  by  vagal  itioiulation. 

Amongst  tha  mo^^t  distraEsing  symptoms  of  Diabetes  metlitita  in 
miin  are  gi'eat  tbirat  and  pnlyiiria,  J.  P,  Sawyer  biiS  slinwn  that, 
in  many  ctkses  of  this  di^eofic  careful  tretitment  of  the  stoiarkch  (a.ff. 
by  lavage)  gr**atjy  dimimahas  the  tbir.*t,  tlmt  tbe  polyuria  almost 
disappears,  and  that  the  Hogar  en^retod  hy  the  kidneys  becomes  very 
much  lesd  id  amount.  It  ia  ju^t  poseiblo,  in  thonQ  co^^,  that  thf« 
glycosuria  lessens  in  amount  iis  a  coTiseqtiencn  of  tbe  dimiTkished 
excretion  of  urine;  and  tbat,  loss  carbohydrate  being  drained  oat 
of  tbe  blomt,  much  of  it,  which  would  otherwiBe  hare  been  excreted, 
bet^oinea  utilised  in  metabolism^  und  thus  spart^  tbe  excessive  prot«id 
break' down  so  characteriJ^tic  of  this  diiioase. 


^  €ff.  Sock  and  HofTmaa,  bowGTer  ("). 

*  mnat  a  tlil'h  QdrioaL  tolLitlDi].    i^f.    Ih?    molecQlar    ireighb    ia    griU' 
ft 

divided  by  t\x  dEnflolTed  in  liyJO  o,c,  vr^tw. 

*  CJoDverscly,  by  admiDiBtering  diututioa  to  glyaotatio  animals,  tho  auoutit 
of  iqgar  olimiimted  ie  JnoroaEccI. 
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Pancreatic  Diabotsfl.— In  1889  von  Mering  and  Minkowski^ 
m&du  the  announcement  tbat  total  extirpation  of  the  jiancreaa 
in  doga  was  followed  by  severe  diabetes,  wlncli  jjerfliated  until 
the  death  of  the  animal.  Previous  to  this,  p&thologiata  had 
noticed  that  in  severe  forma  of  Diahctes  mollituB  in  man  morbid 
changes  in  tho  pancreas  were  not  uncommon. 

Tn  a  Iftter  publication,  in  1893,  Minkowski  (^*)  ^ves  in  detail 
&  deacFiption  of  tbe  operation  for  the  exciajon  of  the  gland,  and  an 
account  of  \na  investigation  on  dogs  and  other  animab  thus 
rendered  diabetic*  Briefly,  the  mosit  important  of  tliGsa  reaulta 
are  a8  follows. 

Total  extirpation  of  the  pancreas  ia  followed  by  diabetes  in 
doga,  cats,  pigs,  and  frogs;  if  any  trace  of  pancreatic  tiaaue  be 
left,  however^  no  glycosuria*  or  only  a  mild  form  of  it,  results.* 
Extirpation  of  any  gland  or  organ  other  than  the  pancreas  does 
not  produce  dis.betes,  although  tho  operative  interference  may 
cause  temporary  glycosuria. 

In  rabbits,  total  extirpation  of  the  gland  ia  technically  im- 
poaaible  on  account  of  the  glandular  tissue  being  spread  out 
difiuflely  between  tlie  layers  of  the  meflcntcry.  In  herbivorous 
birds  glycosuria  only  occaaionaUy  follows  pancreatic  extirpation, 
whereas  in  carnivorous  birds  it  always  occurs. 

The  most  important  observations  have  been  made  on  ditffft^  A 
few  hours  after  the  extirpation,  in  these  anioiala,  sugar  appears  in 
the  urine.  In  twenty-four  hours  this  usually  attains  a  percentage 
of  about  one,  and  it  markedly  increases  during  tho  second  day 
(3-4  per  cent.),  to  attain  on  the  third  day  a  maximum  percentage 
of  from  8-10,  after  which,  if  no  food  be  given,  a  gradual 
fall  occura.  If,  instead  of  merely  aacMirtaining  the  percf^ntage,  the 
total  sugar  excretion  of  twenty-four  hours  be  estimated,  it  will  be 
found  that  during  starvation,  after  the  preliminary  rise  described 
above^  a  constant  level  is  attained,  and,  if  the  amount  of  dextrose 
excretion  be  compared  with  that  of  nitrogen — in  other  worda,  if 
the  ratio  of  destroae  to  nitrogen  D :  N  he  determined^a  constant 


1  Domlnlds  KlmanC  almultJineaueljr  lumlv  tlie  vami^  dlacovi-ryH 
^  In  this  RannecClcn  It  Ia  Interesting  to  note  tliat  nber^  the  vhole  gland  lion 
been  HucceH^fallj  reDiavi?d  tbi?  AbrlOTii  InaJ  wotind,  despite  all  sar^icfll  CAra, 
■Ufpuretai,  arid  if  it  hub  «t  nil,  doei  ea  onl?  by  sccccd  intention,  wbertav,  il 
coma  of  tbfl  flcmd  bo  left,  iLDd  no  dIabotoA.  or  only  a  mild  form  of  it  b«  thue 
«0tablij)hed,  primnrj  onion  la  toore  likely  to  Follow,  The  diabetic  atatc  no  loAens 
(be  reaiBt«acG  o!  tba  ti^nes  (bat  infection  reodilj  uccars. 
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value  will  be  obtained.  This  ratio  waa  found  by  Minkowski  to  be 
bptwetinll'fil  and2"y4iii  obpietvations  on  tliroft  starved  JopnnpppatGi 
doga  of  dilTerent  sizes.  PracticaUy  the  same  ratio  is  found  wh&ii 
flesh  ftlone  or  any  other  form  of  proteiil  food  (plaamon,  casein, 
&c.)  is  given*  the  average  ratio  for  a  large  number  of  observa- 
tions being  3:1,  nnd  varying  between  2-{i2  and  3'0,^  :]. 

Where  traces  oi  pancreatic  tissLie  arc  left,  as  was  the  case 
in  fin  experiment  conducted  by  Cobb  and  the  nuthor,  the  glyeoauria 
is  not  BO  marked  and  a1iiir>st  diaappenrs  if  no  food  be  given. 
As  the  results  of  this  observation  ehow  some  interesting  points, 
which  we  will  have  occasion  to  refer  to  later,  we  give  them  here 
in  tabular  form. 
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When,  however,  carbohydrate**  are  included  in  the  tliet  the 
sugar  excretion  is  raised,  but  not  that  of  the  nitrogen — indeed  by 
th^r  proteid- sparing  influence  thoae   food-etufia  may  cause   the 
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excretion  of  nitrogen  to  fall— and  tbc  D:N  ratio  may  bacoma 
7  or  even  bigber. 

All  the  other  ayniptoms  of  severe  diabetes  are  also  produced 
by  the  extirpation.  Wh  have  noticed  that  the  tleaire  for  water 
is  cspeoialJj  marked  where  aome  pancreatic  tissue  has  been  left, 
and  the  D :  N  ratio  is  therefore  leas  than  3. 

The  preliminary  rise  in  the  sugar  excretion  is  no  doubt  due 
to  the  elimination  from  the  orgftTiism  of  stores  of  sugar  or 
BUgar- yielding  aiihstance  derived  from  the  previous  diet.  Thus 
it  waa  noticed  by  Minkowski  that  the  height  of  the  sugar 
excretion  about  tho  third  daj*  after  the  operation  was  greater  iu 
dogs  which  had  been  well  fed  previous  to  the  operation  than  In 
those  which  Had  been  poorly  fed.  At  first  sight  it  may  be 
difficult  to  imagine  how,  if  this  explanation  of  the  preliminary 
riee  be  correct,  tbc  raaxunai  excretion  should  not  exist  on  the 
first  day  after  the  excision  of  the  gland;  if,  however,  it  be 
remembered  that  it  is  from  the  withdrawal  of  an  internal 
secretion — which  normally  destroys  augara  in  the  organiani — that 
the  diabetes  resulta  (aee  p.  339),  the  apparent  anomaly  disappears, 
for  an  excess  of  this  secretion  might  bo  present  in  the  blood  when 
the  gknd  is  removed,  ao  that  several  daya  might  elapse  before  it 
was  all  used  up.  In  support  of  this  eiplanation,  may  be  quoted  an 
obaervfttion  of  Minkoweki^a,  that  in  one  dog  it  was  not  until  three 
days  after  the  excision  of  the  gland  that  any  sugar  at  oil  appeared 
in  the  unne>  and  the  gland  on  csc^ion  was  found  to  fae  byperaeniic 
and  apparently  vory  active.  We  also  found  very  littie  eugar 
in  the  urine  the  day  after  the  removal  (incomplete)  of  the  gland 
in  one  dog,  with  a  very  large  excretion  next  day. 

With  regard  to  the  jowrcc  of  ilit  sv^ar  in  pancreatic  diabetea, 
there  oan  be  no  doubt  that  at  &rst  it  comes  from  etorcd-up 
carbohydrate.  If,  a  few  days  after  the  operation,  the  animal 
be  killed  by  bleeding  and  an  examination  of  the  hver  for 
glycogen  immediately  made,  only  traces  will  be  found,  and  this 
is  30  not  only  when,  previous  to  death,  no  food  has  been  given, 
but  also  nft^r  the  liberal  ingcation  of  food,  For  example,  we 
conld  find  no  trace  of  glycogen  (Pfluger*a  method)  or  of  dex- 
trose in  the  liver  of  the  above-mentioned  depancreated  dog, 
whiiih  had  been  led  with  2rn>  grm,  of  fjesh  each  day  for  several 
days  before  death.  Minkowski  has  noted  the  &ame  thing  for 
deJCtroae  ;  i.e.  it  does  not  eauao  glycogen  to  be  deported.     The 
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only  aubfftancej  in  fact,  which  does  induce  glycogen  formation  in 
depancreated  dogs  Is  la.i-uloft€.  This  inteteating  pnint  we  will 
disc ui!8 slater.  The  tnujar  liiu^t,  Oifrr/uTt,  firttt  of  all  he  derietd 
from  fflycogc^i. 

Afl  we  seOj  however,  thia  aoon.  diaappeara  from  the  organiera 
after  removal  of  the  pancreas,  and  cannot  be  the  only  Hource 
of  the  sugar  In  a  recently  published  experiment  (by  Lilthje^J, 
a  dog  ol  5  8  kg.,  after  removal  of  the  pancreas,  excreted  during 
twenty-five  daya  a  total  of  117G  gno.  dextrose;  during  all  this 
time  a  carbohydrate- free  diet  was  giveit  Asetiming  that  on  an 
average  a  dog's  body  contains  40  grm.  glycogen  per  kilo  body 
weight — an  average  ilf  termJned  by  Pflllger — then  L'?i2  griEi.  glycogen 
(5'8x40)  might  be  held  acuountable  for  the  augar;  but  thia  could 
yield  only  2^7  grm.  destroae,  leaving  910  grm.  to  be  otherwiao 
accounted  for. 

Where  does  the  sugar  coTtie  fro7n,  (Acw,  vjhen  oil  the  availahU 
ijlpcofjen  hft-i  hfm  nucd  up?  The  possible  sources  are  pro* 
teid  and  fat.  The  fact  that  the  D  ;  N  ratio  ia  the  same  during 
starvation  and  protcid  feeding  would  aeem  to  point  to  tho 
derivation  of  both  Bugar  and  nitrogen  fiom  a  oommon  source, 
i.e.  from  proteid.  We  have  abeady  seen  how,  chemically  con- 
sidered, such  a  derivation  is  possible.  The  extreme  emaciation 
of  the  dogs  which  Bupervenee,  and  the  presence  of  fl-osy- 
butyiic  acid,  &e.,  in  the  urine,  b  uaually  considered  to  support 
this  \hvr. 

To  explam  the  eonstant  ratio  of  D:N.  if  proteid  be  the  source 
of  the  sugar,  we  must  assume  further  that  all  the  sugar  liberated 
in  the  tissues  from  proteid  or  a  constant  fraction  of  it  rcappeara 
03  sue h  in  the  urine.  Supposing  that  all  the  carbon  of  proteid 
were  converted  into  flugar,  then  100  grm.  proteid  could  yield 
113  grm  grape-sugar,  and  a  D:N  ratio  of  about  7  would  be 
obtained.  We  have  s^en,  however,  that  it  is  only  i\.  Does  this 
mean  that  all  the  carbon  of  proteid  is  not  converted  into  sugar, 
or  that  all  is  thus  converted,  but  that  some  oi  it  is  afterwards 
destroyed  i  To  answer  this  question,  let  us  see  what  proportion 
of  dextrose  when  fed  to  depanrreated  dogs  reappears  in  the 
urine;  for  if  all,  or  nearly  all,  the  administered  sugar  reappears, 
then  we  may  asaumc  that  the  same  will  hold  true  for  ths 
dextrose  split  off  trom  proteid,  and  that  the  angar  whjcU  ia 
^xcret^d  in  the  urine  on  a  carbohydrate-free  diet  represents  all 
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what  has  been  liberated  from  p  rote  id  m  ihe  organism. 
Miokowski.  to  answer  this  queatioo,  fed  depancreated  dogs  with 
different  amounts  of  dextioee,  and  estimated  how  much  of  thia 
reappeared  in  the  uiine.  Hq  ccnc^luded  from  hia  leeults  tbat 
when  nioderatft  amounts  of  dextrose  are  ingested  it  all  re- 
appears m  the  Liriuc.^ 

It  shoiUd,  however,  be  pointed  out  that  in  the  dogs  to  which 
dextrose  was  given  the  nitrogenous  excretion  was  usually  distinctly 
below  Its  previous  level,  which  would  tend  to  indicate,  either  a 
proteid-sparing  action  of  the  dextrose — ptefliitnably,  therefore, 
its  partial  oxidation — or^  that  the  absorbed  dextrose  in  such  ca^ea 
never  really  enters  the  tiesue  cells,  but,  by  still  furth&r  raising 
the  percentage  of  sugar  in  the  blood,  tends  tG  prevent  diffusion 
of  the  sugar,  whir.h  the  cells  themaelvea  produce  from  proteid, 
into  the  blood — tends,  aa  it  were,  to  overcrowd  the  cells  with 
sugar  produced  by  their  own  metaboUsm — and  hence  to  leaaen 
the  activity  of  their  proteid  breakdown.  An  explanation  along 
this  line  is  ofiered  by  M,  Oremer.  By  some  such  process  all  the 
administered  dextrose  would  reappear  in  the  urine  without  ita 
coming  into  actual  contact  with  the  tissue  cella. 

It  ia  generally  concluded  by  other  worfcacs,  however,  that  a 
amall  proportion  of  the  dextrose- destroying  power  of  the  organism 
still  remciins  in  depancreated  dogs,  i,e.  that  all  the  administered 
dextrose  does  not  reappear  in  the  urine,  although  the  greater  part 
of  it  does.  This  being  bo,  it  would  appear  probable  that  sugar 
of  proteid  origin  would  behave  aimilurlyH  Why,  then,  ia  a  D ;  N 
ratio  of  about  7  not  obtained?  The  only  answer  possible  is 
that  all  the  carban  of  proteid  is  not  available  to  term  sugar 
(as  is  assumed  in  the  above  calculation),  but  only  a  portion 
of  it. 

How  do  oth&r  carboh-ydrateg  he/iav&  when  given  with  Occ 
'Joodl 

Starch  ia  very  imperfectly  digested  in  the  absence  of  the 
pancreatic  juice,  so  that  a  large  proportioEi  of  it  reappears  un- 
changed in  the  faeces,  and,  of  what  does  not  thus  reappear, 
much    becomes     destroyed    in    the    intestines    by    putrefactive 


^  WbuD  large  auioucta  n?rB  givtn,  ialcstinal  dlaLuTlmnce  jdinfrLica,  &cO 
occurred,  and  when  itmali  amoiinEE  nere  giveo  it  was  tUfficnlt  ED  msAiuTa  the 
iDGTDue  (in  nccoutit  of  the  noriDal  tarUtlons  In   tlie  sugar  eicretfos  in  de. 
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bacteria — for  the  hftlf-digesbed  st&rcli  lies  aevetal  days  in  tlie 
inteetinea— leaving  only  a  amaU  proportion  to  be  absofbpd  as 
destrose  and  pass  into  the  urine.  Dextrose  is  the  only  eugar 
which  thus  appears. 

With  uudtof^p,  also,  only  dextrose  appears  in  the  urine. 

The  moat  intsreatrng  reaulta  lu  this  direction  are  with  ({Bvulosrit 
ior,  as  Kule  has  shown,  this  au^ar  is  often  oKidisable  in  the 
tisauea  oE  patients  suffering  from  Diabetes  mellitus,  whereas 
dextrose  and  dextrose -yielding  carbohydrates  are  not.  If  large 
qnaiLtities  of  hevulose  be  given  to  depancreat^d  dogs  on  coiiHtarit 
diet — and  therefore  with  a  conatant  D:N  ratio — arise  in  the 
dextrose  excretion  will  bo  noticed,  and  a  small  amoittit  of  latvalose 
itself  wiil  appear  in  the  urine.  If  only  small  amouuts  of  la^vulose 
be  given  no  Ltvulose  will  appear  in.  the  urine,  and  the  Increase 
in  dextrose  ejcretioa  will  be  very  alight,  sinc«  a  large  part  of 
the  la^vulosc  becomes  utiliaed  in  mctabolisri.  It  is  only  whea 
excess  is  given  that  fiome  of  the  Ifovulose  leaks  as  such  through 
the  kidney  filter  or  becomes  converted  into  dextrose^  which, 
as  we  have  seen  above,  cannot  be  destroyed,  and  Ja  likewise 
excreted. 

The  deKtcose,  however,  might  possibly  be  derived  from  protcid, 
the  Itcvuloae  having  induced  a  more  active  break-down  of  thiSi 
That  it  is  not  so  derived^  but  fioniea  from  the  Ifevulose  itself, 
is  proved  by  the  fact  that  the  D:N  ratio  haa  in  aome  caaes  been 
seen  to  rise  to  11  or  13-5.  a  figure  far  above  what  could  be 
obtained  w&re  proteids  the  aoorce  of  the  sugar 

How  then  ia  this  transformation  of  l^vulose  into  dextrose 
brought  about?  Lfevulose,  it  will  be  remembered,  ia,  in  its 
chemical  structum,  quite  different  from  dextrose;  it  Is  a  ketose, 
whereas  dextrose  ia  an  aldose. 

An  examination  of  the  glycogen  contents  of  the  hver  and 
muscles  furnishes  us  with  an  answer  to  this  question.  After 
feeding  Ifevulose  to  dnparcreatpd  dogs,  a  high  percentage  of 
glycogen  (B  1-t  in  the  liver  and  0  yi  in  the  muscles)  baa  been 
found,  and  in  its  chemical  reactions,  this  glrcogen  b  india- 
tinguJshable  from  normal  g[jcog[cn.  From  this  reauib  we  must 
aasumo  that,  in  depanereated  Joys  at  least,  a  direct  traoHforma- 
tion  of  Ifevulose  into  glycogen  occura.  This  transformation  is  not 
effected  by  the  lievulose  bt?ing  first  of  all  charigt^  into  dextrose ; 
for  we    have   foimd  dextrose   to  form  no  glycogen  under  such 
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cwnditioaa.  The  glycogen  thus  formed  produces  dextroae.  the 
trace  of  Itevubae  which  coincidently  appeara  in  the  urine 
rcpreaenting  some  which  has  leaked  through  the  kidney  filter 
before  being  tranafomved  into  glycogen. 

With  imdin,  a  polyaaccharide  yielding  an  hydrolysis  levuloae 
only,  somewhat  similor  results  are  obtained  ;  and  with  rane- 
siujftr,  SL  diaacchariie  comjioaed  of  doxtroae  and  laevuloae^  the 
dextrose  excretion  \b  raised  to  an  amount  concspondlng  to 
somewhat  mare  than  half  of  the  adnuniatered  cane- sugar— ^11 
the  dextrose  and  a  part  of  the  lEfivuIose  reappearing  as  deKtrose 
in  the  urine. 

Lackjae.,  which  on  bydrolyais  yields  dextrose  and  galactose, 
causea  ^so  a  considerable  inerease  in  the  di?xtrofie  excretion, 
but  it  ia  difficult — on  account  of  this  sugar  very  readily  under- 
going fermentation  in  the  intestine— to  determine  quaTititatively 
juat  exactly  bow  much  dcea  thus  appear.  So  far  there  seema 
little  doubt  that  not  only  dees  all  the  dextrose  of  the  loctoae 
reappear  but  also  a  coitam  amount  which  must  come  frora 
gatactosa. 

We  must  conelude,  therefore,  that  the  ftiujar  in  the  ttrtiw 
camG9  frfrin  ihs  dextix^e  ffivai  in  the  food  and  fi'ojih  Uie  prot&id 
botk  of  tkcfood  and  nf  the  tisetien. 


Ia  about  four  weeks  after  the  exthrpation  of  the  gland  the 
animal  dies.  Aa  the  condition  proceeds,  and  whether  food  be 
given  or  not,  the  animal  becomes  extremely  emaciated^  and,  when 
at  lost  it  ia  too  weak  to  move  about,  the  excretion  of  sugar 
begins  to  fall  and  may  indeiid  c^sappoar  for  a  few  days  before 
death-  The  excretion  oE  nitrogen  may  also  fflll|  although  not  to 
so  marked  a  degree  88  does  that  of  dextrose.  Can  this  dis- 
appearance of  destrose  indicate  tliat  the  organism  has  reacquired 
the  power  of  oxidising  dextrose  ?  According  to  Minkowski,  if 
dextiose  be  added  to  the  food  during  this  period  it  will  almost 
all  reappear  in  the  urine,  so  that  a  reacquire  me  nt  by  the 
nrganitfru  of  ita  lost  glycolytic  prjwera  cannot  be  the  cause  oi 
the  disappearance  of  the  sugar. 

On  the  other  hand,  Luthje  and  Cobb  and  the  writer  have  found 
that  the  sugar  may  disappear  from  the  urine  much  earlier  than 
Minkowski  atatea,  provided  the  dog  be  starved.  In  oui  experi- 
ment   it   had    practically   disappeared    in   nine    days  after  the 
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ejctirpfttion,'  but  immediately  reappeared  on  feeding  with  fieah,  to 
greatly  diminiab  again  just  before  dcatb^  even  liltliuugli  Refill  was 
atiU  given  {vi'l*  Lable).  Minkowaki  aeams  bo  have  consklered  that 
starvation  and  fleah  feeding  are  analogoufl  conditions;  this, 
howevor,  doea  not  seem  to  be  the  caae,  augar  being  more  readily 
produced  from  flesh  than  from  tissue  proteid.  This  qneation 
requires  reinvestigation. 

About  the  aame  time  aa  the  sugaT  excretion  begins  to  Fall 
and  the  emaciation  of  the  animal  becomes  extreme,  ^-oxy- 
butyrio  add,  aceto-acetic  acid,  and  acetone  may  appear  in  the 
urine.  In  case*  where,  on  awount  of  noinddent  diHturbancea  of 
nutrition  (r.^.  gastric  ulcer,  volvulua  of  duodenum,  &c.)^  the 
emaciation  proceeds  very  rapidly,  a  marked  excretion  of  these 
Gubstancea  1ms  been  noticed,  and  there  can  be  little  doubt  that 
it  is  the  oscessive  disintegration  of  the  proteid  tiaauea  which 
furnialiOH  their  soiiree.  It  should  be  remembered,  further,  that 
only  a  small  fraction  of  the  /J^oxy-butyric  acid  formed  in  the 
tisanes  reappears  in  the  urine,  most  of  it  being  further  ojddiaed  in 
the  organism,  as  ia  shown  by  the  fact  that  tiO  grm,  sodimn  butyrate 
when  given  to  a  depancreated  dog  only  reappeared  in  the  urine 
to  the  extent  of  0'4  grm.  This  latter  fact  will  explain  why  in 
many  caj^ea  of  pancreatic,  and  other  fonns  of  severe  diabetea,  no 
jy-oxy'butyric  acid  is  fouod. 

It  will  be  not^  that  in  out  caao  ^-oxy-butyrio  acid  appeared 
in  the  urine  only  at  a  late  stage  in  the  diabetes.  The  index 
of  thia  we  have  taken  as  the  difference  bftweeii  the  percentages  of 
dextrose  aa  estimated  by  reduction  and  by  rotation  of  the  plane 
of  polarised  Lght.  /J- oxy- butyric  acid  ia  levo- rotatory,  and 
when  present  in  the  urine  along  with  dextrose  will  diminish  the 
amount  of  dextro-rotatioa  which  this  latter  should  induce. 


We  have  described  the  more  important  featurea  of  pancreatic 
diabetes,  and  it  now  remains  to  discuas  what  tfi^  uvdcrlying 
cmiw  of  thfsi-  TTiitif  br^  and  eh-pcciitlff/  of  ihi:  glyvos^ii^a.  An 
ejcomination  of  the  blood  reveals  a  high  percentage  of  angar — 
sometimes  as  high  aa  04  per  cent.^and  tbis^  just  ass  in  puncture 
diabet-es,  is  undoubtedly  the  immediate  cause  of  the  glycosuria. 
If,  moreover,  the  kidneys  be  removed  or  the  ureters  hgatured  in 

*  Which,  however,  was  nat  cqnipleto,  u  roTcalod  bj  mioraaoppio  eiomiBaHon 
of  Itic  dgadeagtu. 
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depancre^ted  dogs,  tlie  percent^e  of  the  sugar  in  the  blood  ria«a 
etill  higher. 

This  hvi»erglycfprnia,  as  it  in  cftlled,  may  be  due  either  to  a 
greater  production  of  sugar,  or  to  a  leaaened  power  of  its  de- 
struction, by  the  organism.  With  regard  to  the  former  poBsibility 
' — viz.  (greater  production — the  rapid  disappearance  of  hepatic 
glycogen  during  the  firet  few  daj-s  of  the  conditicn  and  the 
eiceaaive  decompi^sition  of  proteid  tisuea  which  aooii  dii[)ervenea 
would  aeera  to  lend  support.  On  the  other  hand,  as  we  have 
Been,  there  is  abundant  evidence  that  the  organism  has  almost 
entirely  loat  its  power  of  utiliaiiig  dextroae,  the  reappearance  in 
the  urine  of  almost  all  the  ingested  dextrose  being  sufficient  proof 
of  this- 

We  may  for  the  present  conclude,  then,  that  th*:  pr-i^mdi'y 
eavse  of  t/ie  accuinulaiion  of  sugar  in  tkp  hlooil  is  the  itntk- 
dravxil  froTti  (he  crgnnisvi  of  some  injliuiice  n^^'naary  for  iht^ 
uti.lir*(ifwn  uf  dfTlrmi'.  Now,  the  pancreas  muy  Jofluence  the 
destruction  of  dextrose  in  the  organlflni  in  one  of  two  ways, 
either  by  tho  dextrose  being  brought  in  actual  contact  with  the 
gland  tiseue,  or  by  the  gland  scerettng  some  Huhatanco— an  in- 
ternal Jeniient — into  the  blood  which  brings  about  the  deatruc- 
tdou  of  dextrose  elsewhere  in  the  organism.  The  latter  possibility 
is  the  more  probable  one,  since  it  is  only  when  the  gland 
has  been  almost  entirely  removed  that  glycosuria  follows.  If 
a  small  portion  of  tho  gland  be  left^  or  even  if  a  portion  of  it 
(the  free  portion  of  the  vertical  part  below  the  large  duel  cf  the 
gland)  be  pulled  out  and,  without  injury  to  ita  vessels^  trans- 
planted into  the  abdominal  parietea  and  allowed  to  heal  in  there 
— an  operation  which  ia  possible  on  account  of  the  lower  portion 
of  the  gland  being  free  from  the  duodenum  and  lying  in  the 
mesentery  —  and  theu  the  mam  gland  exciaed,  no  diabetes  will 
follow.  Only  a  very  small  fraction  of  the  animaPa  blood  can 
under  such  conditions  come  in  contact  with  pancreatic  tisauei 
and  still  there  is  no  diabetes.  It  cannot^  therefore,  bo  ncces- 
aary  for  the  blood  to  actually  transfuse  the  pancreas  in  order 
to  bo  subjected  to  the  glycolytic  action.  The  diabetes  is  likewise 
shown  by  this  experiment  to  be  independent  of  injury  to  the 
nerve  gangha  adjacent  to  the  pancreas,  which  injury  might  quite 
possibly  occur  during  the  excision  of  the  gland  tissue. 

There   muat,  therefore,   be  some  internal  secretion  famished 


35S     THE    METABOLISM    OF   THE    CARBOHYDRATES 

by  the  pancreas  which  B.cta  on  de.^trosc  independent  of  the 
pancreatic  tiflane.  The  flmall  portion  of  tranapknted  glani  is 
large  enough  to  furnUh  this  secretion^  but  when  this  is  also 
removed  diabetes  immediately  followt*. 

Nof  baa  tliia  internal  aecretion  anything  to  do  with  the 
inteatLnal  secretion  of  the  gUnd.  The  traDApIantation  experiment 
jtist  mentioned  demonstratea  this,  as  do  other  experiments, 
fluch  aa  ligature  of  the  pancreatic  duct  and  the  establishment  of 
a  pancreatic  fistula,  neither  ol  wMth  operaticna  induces  any 
glycofluria. 

Th(?re  can  be  no  doubtt  then,  that  the  cauae  of  the  non- 
utiiieation  of  dextrose  is  the  abeonco  from  the  organism  of  some 
internal  secietion  of  the  pancreas.  This  being  so,  it  might  he 
expected  that  in  the  blood  removed  from  a  depaucreated  dog, 
dextrose  wouJd  he  leM  quicidy  decomposed  than  in  normal  blood 
(%.e^  which  contains  the  sugar- destroying  internal  secretion  of  the 
jjancreas).  We  have  already  seen,  however,  that  normal  blood 
itself  posaesacfl  no  glycolytic  power,  and  that  the  r61e  of  the 
internal  pancreatic  secretion  \s  probably  only  that  of  an  acti- 
vating fluhstance  which  aotivatflB  a.  pro-ferment  produced  by  the 
muaclea- 

In  patjenta  dea^i  of  Diabetes  mcUitus,  aa  stated  above,  morbid 
changes  have  not  infrequently  been  observed  in  tho  pancieaa. 
Thesfi  changes  have  often  heeii  noticed  to  be  eapecfally  located  in 
the  isles  of  Langerlians,  which  are  small  rounded  nests  of  epithehal- 
like  cells  embedded  in  the  connective  tisane  lying  between  the 
true  secreting  acini.  These  isles  have  a  richer  blood  supply  than 
the  rest  of  the  pancreatic  tissue.  Dale  (-')  is  of  opinicn  that  they 
are  connected  structurally  with  the  secreting  acini ;  for  he  says 
after  he  had  completely  exhausted  the  secreting  cells  of  the 
acini  by  repeatedly  injecting  an  animal  with  aecrctinj  he  could 
caaUy  trace  the  connection  between  the  two.  Ho  noticed,  mow- 
over,  that  many  of  the  secreting  acini  by  this  treatment  became 
very  like  the  islps  in  appearance.  In  certain  fislies,  on  the  other 
hand,  tlie  Isles  arc  collected  together  afi  small  iiodiUea  structurally 
iaoUtcd  from  the  pancreas  proper,  the  pancreas  itself  in  sach 
cases  posaeBsing  no  such  ieIob-  Rennie  and  Fraaer("),  and,  latef> 
Dinraaro  and  Kubialikc  ('^),  have  investigated  th^  physiological 
action  of  these  isolated  isle  nodules,  ps[>pcially  with  regard  to  theif 
dextrose -destroy  LHg  action,  hut  have  not  been  able  to  discorer  any 


^BP  EXPERIMENTAL  DIABETES  357 

marked  power  in  this  direction.  The  cjctracba.  however,  do  not 
contain  nwy  atn3'lopam.  The  further  results  of  their  investigationa 
have  not  yet  Leen  pubhiihed. 

To  aum  up,  then,  we  see  that  the  two  moat  remarkabitt  per- 

brflniona  of  mctaboltam  in  dcpancroatcd  animals  arc  the  diaappear- 
Ute  of  glycogen  from  tho  tissues  (livor  espGcially)  and  the  lopa 
of  the  power  of  oxidising    glucose;    lievulose,  however,  can  atill 

iba  oJddified  and  likewise  form  glycogen,^ 

Phloridzin  Dia-beteH' — In  a  series  of  papers,  pubhahed  between 
IHHC  and  18SSJ,  von  Mering  deecribed  the  oourae  of  the  diabetes 

I  I  ThB  pxplnnatloti  daiivII;  olTered  of  this  fllBHppeBisiiFe  of  ttly^^Q^^n  frotn  tbo 
UTer  In  pimof#Hti<^c1iflbat?BiaasfoQf™>i ;  iheiiMues  havetDalareeertent  loattbe 
powarDfaxidiaingdi^itroHC  -,  tbie  oudatton  is,  however,  neceatsry  fcr  life,  atid,  ia 
«rdcr  thnt  the  DFganEBiD  may  obtain  moro  dexlrofie,  rbo  gljcogeu  stored  mlbo  liver 
and  elsewh&re  ia  callod  upoo,  and  in  thb  vaj  bccooica  uade^slj^  used  up  in  the 
f.ttfluij't  ol  Lhfl  iLE*fiUL'9to  try  tociidlacBn^ciDDt  de^ttrOBO  bj  working  on  aneiccu 
of  jtn  Id  the  cEuie  cF  lyevuluae.  vu  ibe  utbeE  hmt^t  the  cd  Dper^tlDn  of  Ihe  paacretm 
ia  am  nvctKJ^T;v  fur  lr,n  tixiddilon  ,  some  of  Ll  Is  uDmediutel;  Qx!dified»  ddiI  wtial 
KmAjnB  ia  canverUd  Into  gljco^er,  whit^b  is  only  rtlcwly  converted  Into  dextrose. 
SiLf^h  nn  ^iplandtlon  la  unrcflbOtiBble ;  it  BiiBumefl  that  the  remairiing  oiidA- 
lire  powtr  of  i\\«  org^-ttisw  {tee  p,  ^tiS}  can  be  forced  la  greatft  aotivitj  hy  pre- 
■qtitiDgaUrge  eice&if  of  dBxttosa  totb^  tisBuQ  colls,  irbicli  preHopposeB  tbnt  ihefls 
ogIIb  arc  otrt  nlrt-'Atij  dcaliog  wUh  ae  rimch  dextropo  cia  they  am  under  tba 
oircumatabcda — that  their  remalDirLg  poweraaTcnut  bclo^  excictaed  to  ibefull 

F'4atcat— V)  aoaiLmplion  for  which  theie  ionot  a  particle  of  uvidonce  ;  if  it  weio  tho 
ttoQ  QxplaDBtLon,  Llisn  WD  Eibijuld  eK|ri.irt  bimt  where  the  oi^oiHia  is  offiired 
«xcGa.4of  rjirt»oh7i^Tatefl — if»  in  otbar  vorda,  theexueas  of  liextruse  wbinh^  accord- 
log  ut  the  theorvj  ibc  U«aiiei  desLre  tc  have  nt  (bFrlr  dlspcpuln  be  iocreaied  from 
wilbout — the  gljeog^n  niiuld  be  >iBvftd,  and  could  be  foaodin  tbe  liver,  vhicb,  ib 
*«  hdve  ■?clLj  ifl  not  the  case.  Is  it  not  more  probable  ttiat  tba  interna]  eecie- 
lioa  of  tho  paaorcD9  Eiormalij  acte  o»  dnEtrCdc  ib  Homa  va<r  bd  a£  to  rendt^r  it 
capable  hfit,h  of  asidaliun  and  of  tiranBlormation  ioto  gl-foogen  1  in  otbflr  ^ord^i 
tbat  ai  d^JLLruDfl  paftsoa  ibiodgh  the  liver  ib  is  acted  on  hj  Aoma  furment — the 
■jDioK^n  portion  oE  which  is  derived  lx<iia  the  UvtCy  the  acihatjnf;  puitioa  tiom 
the  pancreoa,  orvicet'erff'I^whichchBngeaii.  in  noaievij  jurnalo  rtiiidut  it  cu|kab1e 
cl  being  oiidlpcf],  or.  It  not  iccmedifliclj  required  bj  thearganjittni^of  being  ttortd 
Awaj  a^  g\yca^en^  <.:hauvaaii  and  KaiclmJinn  have  indeed  claimed  that  the  pro- 
duction of  biigar  bj  the  U-vsT  ib  conlrctled  by  an  internal  pecTetion  from  tha 
pa&crea« ;  tbat  normally  this  secretion  inbibits  sugar  fonnatioii,  f<l<  that  %'hcn  it  ia 
reokoved,  the  latter  proaese  becomca  exccfiBivCt  and  glycDJOjia  and  glyco^urlii  are 
th«  tasultfi-  Mfi'ku9B  jflfites  that  ^hcn  tho  poncreua  alone  id  excietd  In  fro^ 
fJiat>etti£  reaol^fr,  but  ibat  tbere  i«  nu  diabetes  when  both  iiver  and  pancreaH  are 
extirpated,  and  Mouttiorl.  that  tbi-  aaiae  CuUowa  if  the  befwtio  vi^^nla  be  ligatuied 
In  dapaaizreated  dngii.  Knatch  found  that  although  pancrf^atlc  extirpation  la 
herbiTorouB  birda  did  not  canaa  diabettu  It  rendered  the  llrer  Incapable  or 
forming  glycogen. 
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prodacod  in  dogs  hf  the  AdtmaiAtratwci  of  pUobdnn.  This  drug  is 
m  ^acoMide  containing  tW'l  per  ccnL  of  dcxtroae  vbich  c&n  be  spht 
ofi  from  it  by  b<»itDg  with  acids-  The  sobsteDoe  which  reakui;^ 
ftfter  Bpliuiiig  off  th«  dextrose  k  c&Ded  phloretdn. 

li  phloriflzin  be  given  hj  mouth  to  nn  ftnmuil  (il'^g^  rabbit* 
gDow^  Ac-)kii  ihi^do«a^of  1  grm-  perlulogr^  body  weight,  glyooduria 
beoomea  eatabliahed  in  &  few  botira,  tlie  perccnUg^  qI  sugftr  in  the 
onoe  MKnetimefl  nmng  aa  high  aa  19- 1.  The  glyoocuha  lasu  for 
ft  few  hours  and  then  passes  oS,  unloae  the  drug  be  leadimm  stored. 
The  drug  tofty  also  be  injected  mbcataneoiuly  (0'3-0'5  gruL  per 
kilo  body  weight  di^aotved  in  warm  water  or  in  water  made 
fMAtitly  alkaline  with  carbonAte  of  soda),  ^i^d  this  method  ]a  the 
mote  convenient  when  rabbita  are  under  icveatigation^ 

In  well'feid  animab  the  amount  of  stigar  excreted  variea  coc^ 
^erabfy,  and  the  D :  X  ratio  is  very  inconstant.  During  atarva- 
tion,  on  the  other  haui,  the  sugar  excretion  becomes  less  but  at 
the  same  time  more  constant,  and  there  is  a  rise  in  the  nitrogei:  eX- 
oretioD  ao  that  the  D :  N  ratio  comes  to  be  the  same  aa  that  found 
in  pancreatic  diabetes  when  no  food  or  only  d&^h  food  is  given. 
To  obtain  tfiU  conatant  B:  N  ratio  certain  points  must,  however, 
be  bome  in  mind^  The  ratio  obtained  oo  the  first  d&y  after 
the  adininiEtratlon  of  the  dni^  mii^t  be  discarded*  for  it  \s  always 
above  the  average  which  is  eubaequently  obtained-  The  explana- 
tion given  by  Luak  and  others  of  thia  higher  initial  quotient  is 
that  the  first  efiect  of  the  drug  is  to  c&use  an  excretion  of  a  lar^je 
part  of  the  fr^e  sugar  uf  the  blood.  Even  when  sevpral  days' 
atarvatioa  has  preceded  the  administration  of  the  phloridzin  the 
Attme  thing  ia  seen.  The  following  table,  adapted  (rem  Lusk  (^),  will 
demonstrdto  this: — 

Tablx    VI 


Dir. 

Number  if 

iDjkCtlfllU 

Id  !U  Hoan. 

BHttO. 

D. 

f*. 

|I:M 

1 
2 

S 

4 

\  gnn. 
1     » 
t    « 

3 

3 
3 
3 

0925 

1768 

1-G32 

£-34 

The  amount  oF  sugar  excreted  doea  ntit  depend,  within  wide  limits, 
on  the  dotie  of  phlcridsin  injected^  provided  ejiough  of  the  drug  be 
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to  produce  the  m^aaTiial  e^«ct.  The  sugar  iu  ihe  phJondzin 
cannot  therefore  be  of  any  apcoiiiit  In  influenL-ing  the  urinary 
Sugar.  TliB  drug  should,  howiiver,  bn  (requently  injec^ted,  other- 
wiae  the  influence  of  the  first  dose  will  have  begun  to  disappear 
before  the  eecond  doac  has  had  time  to  act.  The  iniectione 
ahcuid  be  made  three  times  a  day.  Observations  similar  to  the 
above  on  six  rabbits  gave  an  average  D  :  N  ratio  of  2'7  :  1.  In 
general  the  quutient  In  starved  dogs  puisouBd  by  phloridzin 
io  about  2'b} 

We  see  that  thia  ratio  is  very  nearly  the  same  as  that  found 
by  Minkowski  in  starved  depancreated  dtjga-  Thia  fact  would 
seem  to  indicate  firstly,  that  in  phioridziu  diabetes,  aa  in  pancreatic, 
the  tissue  proteid  is  tlie  source  of  the  sugar,  and  secondly,  that 
the  two  formfi  of  diabetes  are  identical  in  their  causation.  Con- 
oerning  the  source  uf  the  etigar  in  starved  phlcridzia- poisoned 
dogs,  liowever,  PflUgei  has  pointed  out  that  in  moat  of  the 
hitherto  recorded  researches,  an  approximate  estimate  of  the 
posajble  glycogen  content?^  of  the  animal  at  the  time  the  phloridzin 
was  given  ahi>ws  that  in  them  ail.  the  sugar  excreted  in  the  urine 
— aa  a  result  of  the  action  of  the  drug — might  quite  weil  have 
been  derived  from  this  source,  and  ,not  at  all  from  the  tissue 
proteida.  More  recent  work  by  Kraus  (''*)  has,  however,  eatahhshed 
beyond  doubt  that  the  glycogen  stoned  m  the  tisauea  cannot  be 
the  only  source  of  the  sugar  in  phloridiin  diabetes,  A  number 
of  cats  were  fliniilariy  fed  for  some  time.  The  glycogen  in  five 
of  these  was  estimated  by  PJiilget's  method  and  the  foUowii^ 
amounta  (expressed  as  grape-sugar)  were  found  per  100  grm,  body 
weight:  (l)0-2m-;7i  (y)  0':J773;  (;i)  0-2414;  (4)  04700  ;  (o)  0-1985. 
The  other  cat6  were  kept  under  phtoretin  (1'2  grm.  per  kg.  body 
weight)  and  starved  for  from  five  to  eight  days  ;  during  this  timcj 
the  total  amourit  of  sugar  excreted  in  the  urine  was  carefully 
estimated,  and  at  the  end  of  the  period  the  cats  were  killed  and 
the  glycogen  determined-  The  total  sugar  extretiona  jjIj*^  the 
glycogen  (expressed  as  dextrose)  remaining  in  the  body  per  100 
grm.  body  weight  (initial  weight  taken)  were :  (l)0'oH87;  (li)  0"4355 ; 
(3)  0':A27'2  (bucin  given  in  food);  (4)  0'7724:  (alanin  given  in 
food) ;  (5)    1-2232  (alanin  given  in  food). 

'  In  do^tt  ntarred  for  rhree  d&ys,  von  Uering  Fouml  tlial  20  grm.  pblorldiln 
given  by  moui.b  cfiii*tad,  in  the  first  tweiiCj -four  Jionrs,  a  C  JV  ratlu  ofab^ul  5;  I, 
whfub  ftfterwardi  E«U  to  3  : 1, 
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By  oomparing  these  figures^  it  will  be  s^en  tliat  far  more  sugar 
had  been  formed  in  tlie  phloiidan  cats  than  couJd  possibiy  have 
fome  Eroni  the  glycogen  stored  in  their  tisaafs,  taking  aa  an 
estimate  of  this  the  amount  foUEid  in  the  normal  oats.* 

To  determine  whetlier  thf  i-aiifnp  of  fLe  ftpppaiuntie  nf  sii.ija'r 
in  thfi  urinr  in  phloridsin  diabet-e^  hi  the  Aame  8.8  in  [lancrBaLJc 
diabetes,  let  as  further  compare  the  two  conditiona- 

Although  the  obtaimag  of  a  similar  D:N  ratio  suggestB  a 
possible  common  cause  for  the  glycosuria  in  the  two  conditions, 
we  shall  see  that  such  is  far  from  being  th«  case.  At  the  aame 
time  this  constant  ratio  shows  ua  that  a  Tnaxinial  diabetic  state 
exists  during  which  we  can  compare  this  iorm  of  diabetes  with  the 
others.  Let  ns,  fxrst  of  ail,  seo  whether  the  organism  haa  lost  the 
power  of  destroying  dextrose.  We  saw,  in  connection  with  pan- 
creatic diabetes,  that  this  cjuestion  rould  be  readily  solved  by  ad- 
miniflteiing  a  niEaaured  (jiiantity  of  desttrose.  and  aieing  how 
much  of  it  reappeared  in  the-  mine.  If  20  gnn,  of  dejctrose  be 
given  to  rabbite  rendered  diabetic  to  the  maximal  extent  by 
phloridzin,  only  a  certain  praportioo  of  the  dpitroae  will  re- 
appear in  tliG  urine^  but,  eoineidentally,  the  nitrogen  excretion  will 
falb  and  the  result  on  the  J) :  N  quotient  will  be  a  riae  (to  about 
7).  In  dog3  it  ia  usually  stated  that  the  larger  proportion  of 
the  administered  dextrose  doee  reappear  in  the  urine,  but  not 
to  the  fuU  extent. 

That  only  a  profKirtioTi  of  the  administered  deitroae  reappears 
in  the  urine  shows  us  that  in  phloridzin  diaiiete-s  (!u^  trnjH-rtvfin 
hcbS  Twt  lost  tfit  power  of  utiiieinff  d^xircee  to  the  same  extent 
as  in  panereatjc  diabetes  or  in  Diabetes  mellitna  (aeo  p-  ^C7);  it 
shows  us  that  the  diabetes  must  be  due  to  ^uito  another  cause- 
The  fall  in  the  excretion  of  nitrogen  is  another  indication  that 
the  dextrose  has  been  utJhsed  by  the  ti^ues,  ami  has  so  spared 
the  proteid  metabolism.  Similar  results  are  obtained  when  the 
other  sugars  are  investigated  in  this  way,^  Laavuloae  reappears 
to  a  small  extent  partly  as  such  and  partly  as  dextrose,  and  the 
nitrogen  excretion  falls  slightly,  hut  the  greater  proportion  of  the 

^  It  will  al>o  be  noticed  tbat  Tphen  dajiiTi  (artkido-propiaDic  ucidf  nfu  ^lec 
to  the  pHlatirlAin  cattt  a  lar^r<T  lunouiit  uf  »uj;nj  tban  oLherwise  wu  excreted. 
This  ImporLant  result  we  nil!  rfturn  tc  iBlar. 

^  To  oLtalQ  ihe  a-vuro^e  pugar  eHcreLloii  Fcr  tbv  duja  oo  wLkh  bbi;  vn^r 
in  qnentiuD  ia  fed,  tbo  nlbrugen  e£cretloa  on  tbEBo  days  iboutrl  bi^  inii1l.l|)]i«ci 
hf  2-3, 
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lEovulose  disappears  in  ite  pssB&g^  thruu^L  tlic  organiamn  Lactoiie 
causea  a  alight  rise  in  the  dextrose  Qxcretton,  ftud  has  also  a  feeble 
proteid-spftfing  aotiou, 

A  single  done  of  phloridain  does  not  appreciably  affect  tlift 
amount  of  rjJjfcoijri^  in  tlie  liver  and  muHcles.  The  repeated 
adminiatrtition  of  phloridziu,  however*  t^auacs  the  glycogen  stored 
in  the  liver  and  muBcles  almost  to  disappear.  Thus  Frausnttz  ("} 
found  the  liver  of  a  dog  which  Lad  been  kept  under  phloridzin 
for  twelve  days — meanwhile  rsi^iving  no  food. — to  be  practically 
gljxogen  free ;  the  muaclea  of  the  same  dog  contained  0'3  per 
cent,  of  glycogen.  In  another  similarly  treated  dog  01 1 25  grm. 
glycogen  was  obtained  from  the  liver,  and  the  muscles  contained 
2'0  per  cent.  The  glycogen  does  not,  therefore,  become  used  up 
HO  quickly  a^  in  panereatic  diaWt^s. 

Another  important  diatlnction  between  phlorididn  and  all 
other  forma  of  diabetea  is  with  regard  to  the  amount  of  Bugar 
in  the  blood.  In  eleven  cata  Pavy  produced  diabelea  by  injecting 
phloridzin  aubciitaneouflly ;  cluring  the  time  that  the  maximal 
glycosuria  exiated,  samples  of  Mood  were  removed,  and  the  per- 
centage of  sugar  ill  them  determiucd-  The  average  amount  was 
found  to  be  0149  per  cent.  In  six  normal  cata>  tha  average  was 
found  to  be  O'OSS  pet  cent.  Similar  observations  on  rabbita 
and  doga  (Coolen  and  Koliftcb)  showed  the  anme  result,  via.  little 
differeiiCG  from^  the  normal,  if  anything  a  alight  increase,  but  never 
auificicnt  to  cause  hjpeiglyaemia. 

In  other  fonna  of  diabetea,  too,  ablation  of  the  khlnej-a  ot 
ligature  of  the  ureters  causea  the  percentage  of  Bugar  in  the  blood 
to  rise  markedly  ;  no  rise,  however,  occurs  under  uimilar  conditioiw 
in  phloridzin  diabetes. 

From  what  baa  been  detailed  it  will  be  obvioua  that  the  cause 
of  the  glycosuria  which  loUowa  phloridain  administration  must 
be  quite  different  from  that  of  the  other  forms  of  glycoauria.  It 
camiot  be  due  bo  hyperglycemia,  and  there  is  no  marked  disap- 
pearance of  glycogen  as  In  the  other  formsn  These  facta  led  von 
Menng  to  auppoac  that  the  glycosuria  was  due  to  the  fact  that 
the  Iddney,  as  a  result  of  the  action  of  the  phloridsin,  had  ar:quired 
an  increased  perraeabifity  towards  dextrose,  so  that  the  normal 
sugar  of  the  blood  waa  drained  into  the  urine.  Minkowski  still 
further  elaborated  thi^  hypotbeaia  by  supposing  that  the  phloridan 
was  picked  up  by  the  leual   cells  and  decomposed  in   them  into 
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destroae  and  phloretin,  the  destrnse  being  paased  into  the  urine 
and  the  phloretin  hack  into  the  hlood,  wln?rB  it  (^inhlned  with 
the  blood  sugar  to  re-form  phloridain,  which  again  iinJerwent 
deoompoaition  in  the  renftl  cells.  Meanwhile,  some  o£  the  phloridzin 
would  leak  into  the  urine,  so  that  renewed  dosee  would  have  to 
he  given  to  Iceej)  up  the  dfahetic  sta-tK. 

That  the  action  oF  phloridzin  is  loca.teii.in  the  kidney  has  been 
pretty  conclusively  abown  by  Zunta.  Thia  worker  found  that 
when  phloridain  is  injected  into  the  renal  artery  of  one  kidney, 
the  urine  excreted  by  that  kidoey  becomes  sHccharine  before  the 
urine  from  the  opposite  kidney. 

Minkowald's  theory  auppoaes  that  it  is  the  blood  sugar  which 
eacapea  into  the  urine.  If,  however,  o  aurviying  kidney  be  per- 
fused through  its  bl Of td- vessels  with  defibrinated  blood  eontaining 
phloriilEin,  the  urine  meanwhile  ejccreted  will  be  found  %o  contain 
much  more  sugar  than  caji  be  accouiitsd  for  by  what  has  disap- 
peared from  the  blood  (Pavy,  Brodie,  and  Siau  ").  The  sugar 
in  the  blood  ia  derived  from  the  goetro- intestinal  tract  and  liver; 
when,  therefore,  the  abdominal  viscera,  excepting  the  kidneya,  are 
renioved  from  the  circulation  the  percentage  of  sugar  in  the 
bltiod  lalla.  The  dog  can  be  kept  alive  ^  for  several  hours  after 
thia  operation.  If  now,  into  auch  an  eviscerated  dog,  phlorizdin 
be  injected  intravenously,  sugar  will  be  foiind  to  appear  in  con- 
siderable amount  in  the  urine,  but  the  percentage  of  sugar  in  the 
blood  will  fall  no  lowei:  than  if  no  phloiidzin  had  been  ^iveii.  In 
the  light  of  these  observations  it  is  impossible  that  the  blood  sugar 
can  be  the  source  of  the  urinary  sugar.  It  is  much  more 
reasonable  to  Buppoae,  as  Pavy^  Brodie^  and  Siau  have  done,  that 
the.  nuffar  is  jorxiwd  in  thf  kijlufy  ifsrlfont  of  noitu'  prei^wsors 
ct>iitaiitcd  in  the  blood.  In  this  lespectt  the  kidney  comes  to 
act  like  the  mammary  gland  ;  its  cells  form  sugar  out  of  the  non- 
saccharine  constituents  of  the  blood.  Phloridain  would  seem  to 
confer  secretory  powers  on  the  renal  cells,  in  other  worda,  to  make 
the  kidney  in  part  glandular  in  function^ 

The  importance  of  this  recently  offered  explanation  of  the 
action  of  phloridzin  makes  it  desirable  that  some  of  the  QVidence 
on  which  it  is  baa^d  he  briefly  given  here, 

1.  Diuretica  Uke  culTein*  nitrate  of  soda,  A^c,  cause  an  increafle 
in  the  amount  of  sugar  contained  in  tlic  urine  in  those  forms  of 

'  In  B  Blato  of  uacuaaclousQBui. 
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diabetes  in  which  hyperglyca^mia  exiats  (pancreatic  diabetes,  &c-)t 
whereas  \a  phloridzin  diabetes,  although  diuresia  is  produced,  no 
increased  amount  of  sugar  is  excreted.  The  increased  volume 
of  blood  which  perfusea  tlip  tidnay  blood -veaaels,  as  a  result  of 
the  action  of  these  diiireLics>  allows  more  BUgar  to  pass  the  kidney 
filter  when  hyperglyctemia  exists,  but  it  does  not  stimulate  the 
kidney  celb  to  increased  production  of  sugar  when  they  are 
poisoned  by  pblcridzin. 

2.  Injuiy  to  the  kidney,  whether  raechauical  or  produced  by 
drugs  or  by  dtHcaae,  markedly  diminiahea  its  power  of  secreting  a 
aaccbarine  urine  when  it  is  subjected  to  the  action  of  phloridzin, 

'6^  Hiatologiofll  cicaniination  of  the  uriniferous  tubules  after 
prolonged  phloridzin  admititatration  reveals  necrotic  changes  in 
the  ceHfl. 

7^'  mother  fl^ftfl^fivice  of  the  su,gar  is  Mndoubtt^^y  the  serivtn 
protdd.  It  will  be  remembered  that  when  the  animal  ia  liberally 
fed  with  carbohydrate  much  sugar  is  excreted  in  tho  urine  without 
there  being  any  rise  in  the  nitrogen  ercretion,  hue  tliat  when 
star^^ed  of  carbohydrate  the  aniourkt  of  sugar  falls  and  that  of 
nitrogen  rises.  This  must  mean  that  in  the  well-fed  anlraalH  the 
sugar  can  be  spUt  off  from  the  serum  proteid  without  there  being 
any  diaruption  of  the  proteid  molecule,  and  hence  no  rise  ia  the 
excretion  of  nitrogen.  Chemical  evidence  that  this  is  posaible 
we  have  given  above  (p.  319).  This  sugar  ia  loosely  combined 
with  the  proteid  in  the  same  way  that  oxygen  ia  combined  with 
moglobin  in  oxy-hfemoglobin. 

Further  evidence  that  such  a  sugar-carrying  function  belongs 
the  hlooil  proteid  lias  recently  bepn  furnished  by  Embden  and 
Blumenthal(^).  The  former  worker  has  faund  that  if  a  glycogen 
and  jccoric^-frec  hvor  ia  perfused  with  blood,  sugar  accumulates 
in  it. 

Blumentbal  applied  BiaFa  reaction  for  aldo-hexosea  (see  p.  318) 
to  serum  globulin  prepared  from  the  blood  of  animals  rendered 
diabetic  by  phloridzin,  and  obtained  a  vety  faint  reaction ;  whereas 
with  serum  globulin  prepared  from  a  well-fed  normal  animal  a 
very  distinct  reaction  was  noted- 
It  is  not  supposed    that  all  tha  dextrose  in  the  blood  is  thus 


'  Jn^nrln  \r-  a  cootpoaiiil  dC  lechhin  aod  (le?;tTQBc.  i.Dd  ha^  bean  d&v^rlbtd  hy 
HtnriqueA  and  Hin^r  oa  the  Aub^Uince  In  tbe  blood  1q  chemlcnL  comblnatian  vith 
^HMiioh  d»troq«  Is  {carried. 
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combined  ;  some  of  tt  i*  almoat  certainly  in  a  free  state,  What 
the  proportion  between  the  free  and  combined  sugar  may  be  ta  ftji 
yot  an  eatiiely  unaoIv^eJ  queBtlon. 

The  probeid  thus  deprived  of  tta  sugar  in  phlondrin  poiaoning, 
becomes  repombincd  with  more  of  it  during  itB  circulation  through 
the  roat  of  the  body.  Whea,  however,  the  animal  13  starved,  and 
no  fresh  supply  of  carbohydrate  is  available  for  the  reconstruction 
of  thia  gluco-ptoteid^  theu  the  poiaooed  kidney  ciella  attack  the 
proteid  molecule  itaelf,  and  thereby  liberate  not  only  the  sugar 
which  15  intimately  bound  up  in  it  or  whicb  ia  derivable  from 
certain  of  its  decomposition  products,  but  fliao  the  nitrogen.  That 
excessive  break -down  of  prciteidn  does  occur  in  advanced  pMondzin 
poisoning  during  starvation  is  further  proven  by  the  fact  that 
^■osy'butyric  acid,  Ac,  make  their  appearance  in  the  urine. 

Adrenalin  Glycosurift.— The  aubeutaneoua  or  mtrapentoneal 
injection  of  Buprarennl  estract  or  of  adremlin  chloride  solution  causes 
glycosuria-  An  GXaminaticm  of  the  blood  haa  ahown  that  hyper- 
glyctcuda  ia  the  immediate  cause  of  the  glycosuria,  so  iliat  in- 
creased production  of  dextrose  in  the  organism,  or  its  diminiahed 
destruction,  must  exigt- 

Starved  dogs,  from  whose  tiaauea  moat  of  the  glycogen  has 
been  caui^ed  to  disappear  by  repRHtraJ  phloridiin  ad  mini  strati  on, 
alao  react  to  suprarenal  extract,  so  that  itLcrcaevd  production  of 
dcxtroae  cannot  be  the  cauae  of  the  hyperglycfcmittH  Tliia  doee 
not  of  course  mean  that  the  extent  of  the  glycosuria  induced  by 
the  injection  is  the  same  in  starved  as  in  well-fed  animals;  for 
the  more  glycogen  there  is  available  to  convert  into  dextrose,  the 
more  marked  will  be  the  glycoaurio.  Diminished  destruction  of 
dextioae  must  therefore  csist.  Now,  wc  have  seen  tliat  the 
form  of  experimental  diabetes  which  best  typilics  glycosuria  due 
to  want  of  de:^troee  deatrnction  in  the  tissues,  is  that  which 
follows  extirpation  of  the  pancreas-  Can  it  he,  then,  that  supra- 
renal extract  acts  00  thia  gland  in  some  way  ao  aa  to  dimiciah 
the  intluence  of  the  latter  on  dextrose  destruction  ?  H\.'rter  {■*') 
and  hifl  co-workers  have  ahown  that  painting  the  pancreas  with 
adrenalin  chloride  solution  hkewise  induces  glycosuria,  so  that 
the  *iuefltion  would  appear  to  he  anHwerRd  In  the  aJBrmative. 

The  best  known  physiological  action  of  suprarenal  extract  is 
vaso-conatricting.  It  might  be  thought  that  this  is,  indirectly, 
the  cause  of    the  hyperglycemia^    That  such  is  not  the  eauae 
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of  the  condition  is,  howover,  indicated  by  the  fact  that  in  guinea- 
pigs  very  marked  vfl-ao-constricticn  followa  axiprarenal  extrfict 
administration,  hut  no  gly<rosuria,  and,  Jurther,  that  the  painting 
of  the  pancreas  with  many  reducing  substances  ia  also  followed  by 
glycoauritt  (Herter). 

Animals  may  after  bcLng  repaatodly  iojocted  with  tho  drug 
ftcqiure  a  certain  tolerance  towards  it  (Noel  Paton'").  The 
anmionia  excretion  is  conaiderably  Increased  during  the  glycDsuria, 

Before  proceeding  inrtlier,  let  ub  briefly  consider  wbf:ther  these 
experimental  forms  of  diabetes  bear  any  analogy  to  the  diseaae 
Diabetes  mellitua  in  man.  A  description  of  the  discaee  itself 
would  be  out  of  place  here,  but  a  consideratioa  of  its  possible 
causes,  deduced  from  the  foregoing  eipenmental  obsarvationa, 
must  be  of  very  great  interest  and  importance- 

We  have  accn  that  glycosuria  itaell  may  be  induced  by^ 

(1)  An  overproduction  of  dextrose  by  the  hver— piy^lrf,  &o.; 

(2)  A  want  of   destruction  of  dextrose  in  the  organism^ 

(3)  A  production  of  sugar  from  the  blood  by  the  renal  cells 
— phloridzin  diabcUe. 

To  which  of  these  proceaaes  ifl  tto  glycoeuria  in  Diabetes 
mellitua  due  ?  If  we  can  but  answer  thia  question,  theu  some 
indication  may  present  itself  of  the  cauae  of  the  other  aymptoms. 
At  the  very  outaet  we  may  delelj^  the  third  possibilitVf  for  were 
D.  mellitiis  analogous  with  that  produced  by  phloridzin  injection 
— which  typifies  glycosuria  due  to  this  cauao — we  should  certainly 
expect  to  find  the  blood  of  a  diabetic  patient  to  contain  a  more 
or  leas  subnormal  percentage  of  dextrose,  which,  however,  is  not 
the  case;  there  always  being  an  excess."  Moreover,  there  is  no 
evidence  that  the  kidney  tissue  is  in  any  way  pathological  at  an 
early  stage  in  the  disease-  These  arguments  do  not,  of  course, 
preclude  the  possibility  of  some  of  the  tnildest  transitoiy  forma 
of  glyi;omifia  in  man  being  due  to  renal  trouble;  the  disease 
D.  mellitua  ia,  however,  not  due  to  it. 

Either  of  the  first  two  conditions  enumerated  above  would 
cause  hyperglyai?mia,  which  always  seems  to  exist-  Tkia  kyper- 
gbjccBiJiia  is  the  iTnmedlata  Ciiuse  of  glycosuria. 

I  ^  The  autdTtkal  data  with  ra/tireaoe  to  thb  qoDilloa  »r«,  hovflVflT)   wnj 

L      meagre. 
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What,  then,  t^naea  tlie  hyperglycf&mla  in  D^  mBllitue  ?  Cun  it 
be  due  (o  an  overproduction  ol  sugar  by  the  liver  ?  No  doubt,  as 
we  have  aeen.  audi  ia  the  cauae  of  the  transitory  gljcoauria  which 
Hometimea  accompaiviee  injuiioa  to  nerves,  or  neuralgiae,  or  the 
presence  of  intracranial  tumoufB  ;  but  it  cannot  be  the  caune  of  the 
glycosuria  in  the  severer  disease,  or  wa  should  expect  to  fiiid 
entire  absence  of  hepatic  glycogen  after  death,  aad  a  disappear^ 
ance  of  the  glycosuria  after  the  etorc  of  glycogen  had  become  used 
up.  Neither  of  these  conditionB  hua  been  sliomi  to  exist  in 
D.  mellituH.  The  glycosuria  persists  till  death  ;  and  m  the  few 
casea  in  which  the  liver  has  been  eianiined  for  glycogen,  Bome 
glycogen  has  always  been  found,  even  although,  in  mout  of  the 
cases  reported,  the  liver  was  not  examined  till  Bome  time  after 
death,  eo  that  pt^iil-woi'tem  hydtolysia  of  glycogen  might  have 
occurred.  The  histological  ejcaminntion  of  some  liver  cells  from 
two  diabetics,  removed  by  puncture  of  the  liver  with  a  trochar 
during  life,  shov^ed  distinct  glycogen  masaea  in  one  case  but  only 
small  amounts  in  another  ca^o  (Bunge»^  p.  4v^2). 

Some  forms  of  temporary  glycosuria,  such  as  the  eo-called 
alivn^ntarif  glycomiria,  may  be  due  to  inefficiency  in  the  glycogenetio 
function  of  the  liver — to  a  aluggishneBS  in  the  procesa — so  that 
the  c^ccesa  of  sugar  in  the  portal  blood  during  digestion  ia  not 
sufficient!}'  retained  by  the  bvor,  as  a  reault  of  which  some  of  it 
passes  into  the  Bystemic  blood  and  induces  hyperglyesetnia.  It 
is  only  after  tskin^^  considerable  quautitjpa  of  sugar  {100-200  grm, 
dextrose)  that  ^lyccfiuria  follows  in  this  mild  form  of  diabetes. 
St^K^bes  do  not  cauac  it,  for  they  are  more  gradually  absorbed 
and  do  not  flo  markedly  raiM  tha  sugar  percentage  in  the  blood 
thut  leakage  through  the  kidney  ^ter  should  occur.  The  sugar 
appears  in  tbe  urine  in  frcim  J-l  hr.  after  its  ingestion.  None  of 
the  severer  symptoms  of  diabetes  is  eKhibibed. 

By  a  process  of  elimination,  then,  we  see  that  a  Vfont  of  de- 
simction  of  dextrose  in  the  nrganisra  must  be  the  cauao  of  the 
glycosuria.  Diabetes  raelhtua  in  man  must  be  very  similar,  in  ita 
chemical  pathology,  to  pancreatic  diabetes  in  animals,  and  indeed, 
as  we  have  sceu.  morbid  changes  in  the  pancreas  are  not  infre- 
quently found  in  patients  dead  of  this  discaac. 

What  direct  evidence  have  we  that  in  D.  mcllitus  in  man  tha 
power  of  dexttoae  destruction  in  the  body  has  been  depwaoed  ? 
IE  answer  to  this  question  is  furnished  by  administering  deitrnea 
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to  a  diabetic  patient  on  an  otherwiae  constant  diet,  and  seeing 
how  much  of  it  can  be  recovered  from  the  urine  (ruif  Pancreatic 
Diabetes,  p,  351).  It  baa  uauallv  been  foimd  that  a  large  propor- 
tion of  the  adniimatcred  dextrose  can  be  recovered  in  this  way, 
thotigh  not  usually  all  of  it.  Von  Noorden  (**),  however,  records 
a  ca^  !□  which  all  the  administered  dextrose  reappeared. 

With  regard  to  other  sugars  than  dextrose,  it  has  been  noted 
that  kpvulose  is  much  more  readily  utilised  by  the  diabetic  than 
dextrose  is,  especially  in  the  milder  forma  of  the  diaeaae,  where 
it  uaually  caueee  no  increaae  in  the  glycoBuria;  in  the  aeverer 
forms  of  diabetes  it  may  but  cause  a  alight  riae  in  the  exeretion 
of  dextrose^  while  m  other  ca^eM  not  only  is  dextrose  increased, 
but  [icvulose  itself  may  appear  in  the  urine.  We  have  already 
aeen  that  in  pancreatic  diohctcs  in  the  dcg»  IbevuIom  ia  the  only 
Bugar  which  leads  to  glyeoj*en  formation.  There  can,  therefore,  be 
no  doubt  of  the  power  oE  the  diabetic  organism  of  choosing 
between  the  two  sugars  ;  and  it  is  intere^sting  to  note  that  this 
power  is  not  confined  to  the  animal  body,  but  is  exhibited  by  low 
formg  of  hfe  :  i^.g.  a  pure  culture  of  the  yeast  plant  {^SaccJi^tiwai/cr.-* 
ajncviahts)  can  ferment  dextrose  and  levulose,  but  is  inactive  on 
Bolutions  of  other  sugars.^  Tf  cane-augar  be  given  to  a  diabetic 
the  increase  in  the  dextrose  escTction  in  the  unne  will  miiount  to 
about  one-half  of  the  administered  cane-sugar,  the  dextrose  portion 
of  the  cane-augar  ia  excreted  but  the  ifcvuloae  portion  ia  destroyed. 
This  interesting  fact  recalls  one  of  Pasteur**  first  discovetiaft  :  that 
PmiHlHum  gionatm^  a  common  fungus,  when  grown  in  a  solution 
of  inactive  racemic  acid,  which  consiata  of  a  double  molecule  of  right 
and  left  rotating  racemic  acid,  destroys  the  left-rctating  molecule, 
but  has  no  action  on  the  rlght-rolatinp  molecule. 

The  behaviour  of  other  diaaccharides  aad  of  poljmaccharides 
will  he  readily  understood  if   the  above  facts  be  borne  in  mind. 

Further  proof  that  the  human  organism  in  D.  mellitua  haa 
largely  lost  the  power  of  utilising  destroae — if  indeed  further  proof 
be  needed — is  furnished  by  an  examination  of  the  respiratory 
quotient.  This,  it  will  be  remembered,  is  a  fraction  representing 
the   relative   amounts   of   carbon    dioxide    (CO^   expired    and   of 

C0„ 


oxygen  (0,)  retained  in  the  boily.     It    Is  written 


0 


When 


I  DextrOBs   mini  liernloM  hBTe  difltinctlf  difTorprt  chemical  etmcturec,  flo 
that  th«  iliBcrirQJimlioii  of  tbem  bj  the  tUsnea  is  qaiCfl  concfiivable. 
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carbohydrfttea  form  the  greater  bulk  of  llie  food-etuSa  undergoing 
Gomboation  in  the  or^nnism  this  quotient  ia  ucarly  1  ;  for  a 
monosaccharide  oontauis  within  its  otch  molecule  auiScient 
oxygen  t€  oxidise  all  its  hydrogen,  snd  requites  oxygen  from 
without  only  for  the  oxidation  of  its  carbon,  It  contains  oxygen 
and  hyilrogen  in  the  aame  proportion  aa  they  exist  in  water. 
Now,  when  a  certain  volume  of  oxvgon  combinea  with  carbon, 
the  volume  of  carbon  dioxide  gaa  thus  formed  ia  e<qual  to  that  of 
the  oxygeTi  used.  The  tlieoretk-al  R,  Q.  on  a  carbohydrate  difit 
is^  therefore,  1. 

In  the  caae  of  fats  and  proteids,  on  the  other  hand,  the  mole- 
culo  eontaiofl  relatively  more  hydrogen,  ao  that,  for  ita  oxidation, 
it  requires  oxvgen  for  its  hydrogen  aa  well  as  its  carbon;  tha 
volume  of  oiyg<^n  absorbed  is  therefore  greater  than  the  volume  of 
OOy  produced,  and  hence  the  B.  Q,  is  less  than  1.  Aa  a  m&tt«c 
of  fact,  for  fata  the  R,  Q,  is  0707,  and  for  proteida  it  is  0-8.  On 
examination  of  persons  aufToring  from  aevere  diabetes  it  has  boon 
shown  that  R.  Q^  ia  about  0'7  evea  when  dextrose  ia  given  in  the 
food  {Magnus  Levy  ^)} 

There  can  be  no  doubt,  then,  that  the  excepts  of  dextrose  in  the 
blood  in  diabetoa  is  due  to  the  organism  having,  to  a  greater  or 
less  degree,  lost  the  power  of  utiiiaing  the  sugar. 

We  have  already  stated  that  the  end  produeta  of  the  meta- 
boham  of  dextroee  are  carbon  dioxide  and  water.  If  we  compare 
the  atractiiral  chemical  formula  of  dextrose  with  that  of  the  end 
products  in  its  metabolism,  it  will  at  once  be  evident  that  two 
chemical  proccaaofl  must  be  called  into  play  in  the  break-down  of 
the  molecule,  viz.  a  process  of  disruption  and  a  process  of  oxida- 
tion of  the  disnipted  groaps;  or.  it  may  be  that  oxidation  takes 
place  firat,  and  that  the  oxidised  groups  are  then  spht  of!,  Lt  ia 
posaiblo,  therefore,  that  the  failure  of  dthcr  of  f.k^^e  proccMce 
might  he  the  hmnedi<rte  cau^  of  tJie  ti'atit  of  break-down  of 
dfi:rt7'o8e  hi  the  diahetia  organism.  Let  ua  consider  which  of  these 
processes  is  really  at  fault- 

'  Thifi  fact  altJQB  merslj  nhoiva  that  carboliyiinilefl  bie  not  being  oxidised  ;  bat 
Biicli  might  result  fn>m  Lhe  ellmtDaLrion  uf  tarbob^dmtefi  fruiti  tha  diet,  as  ia 
siarvatioiL.  nhtrD  a  pracLkallj  !r]enLlcal  It.  Q-  it  obtains^l.  MaeQ^*  Lflv;r  C) 
huB  recently  shown  Thnl  the-  K.  g.  rtiirlng  re^l  mild  hniiffer  in  fflirerfl  dlftbetes  Um 
mi'iwnj  baLiw^ifn  wbnt  it  would  be  were  fat  and  the  tmn-carbohydnLte  portion 
dF  proteld  theool^BfiLpMiLiicGa  undorgDing  axLdaticin  in  tbo  orgnnitm,  Hbd  the 
onr1>ahjr]rMe  moLotj  ofproteidlieea  tAao  oiddiffid,  he  ahovB  that  theH,  Q.  voald 
bavD  bcQD  didliaotJj  higher  tban  wh&L  ha  ftatually  fouod  ib  lo  be. 
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There  ia  considerable  evidence  to  hajid  ttiat,  in  the  earlier 
Btagea  of  diflbetea  at  leaat,  proceaaea  of  oxidation  proceed  in  their 
normal  fashion  in  the  organism :  benzol  ia  oxidised  to  phenol ;  fat 
\s  oxidised  to  carbonic  arid  and  water ;  or;gan]c  add^  are  oxidified 
to  carbonatCH-  Coaveraely,  we  can  experimentally  diminiah  oxida- 
tion in  the  organiani — for  example,  by  poisoning  with,  phoaplioms — 
without  inducing  any  glycosuria.  Deficient  oxidation  is  therefore 
not  the  imioediflte  cause  of  diabetes. 

It  is  much  more  probable  that  a  want  of  disruption  of  the 
dextrose  molecule  !a  the  primary  cause  of  its  no n- utilisation  by 
the  organism,  and  it  la  commonly  assumed  further  that  the  dis- 
rnptivG  process  is  aii  antecedent  of  the  oxidative :  that  oxidation 
is  only  possible  after  the  large  sugar  molecule  has  been  broken 
into  vnialler  groups 

In  the  flevcret  fornw  of  the  diaeaae,  however,  the  oxidative 
procesaea  are  alao  depressed^  for  incompletely  oxidised- bodies  make 
their  appeftranco  in  the  urJne,  such  aa  jfj-oxy- butyric  acid,  acetone, 
and  aceto-aeetie  aeid,  and  the  intake  of  oxygen  becomes  inuoh 
leaa  than  in  health,  whereas  it  might  he  expected  to  be  more, 
on  account  of  ita  having  to  oxidiae  proteid  and  fat — whith  require 
relatively  more  oxygen  for  their  oxidation  than  carbohydratea 
do  ^instead  o£  daTctroae,  which  cannot  be  utilised  by  tho 
organiam. 


Beiug  deprived  of  the  power  of  utiiidng  dextrose,  the  dia- 
betic or^nniam,  in  order  to  obtain  the  energy  necessary  for  life, 
ia  compelled  to  live  on  fat  and  proteid.  Suffi-cient  of  these 
food-ataffs  ib  frequently  not  absorbed  from  the  intealino  (especi- 
ally where,  as  is  eoramou  enough,  absorption  la  interfered  with), 
so  that  the  tisaue  fat  and  proteid  are  used  up,  and  emaciation 
results^ 

Death  may  result  from  tbia,  for  aoon  all  the  available  proteid 
and  fat  become  exhausted,  and  the  organism,  incapable  of  oxidiaing 
carboln'd rates,  does  not  obtain  the  energy  ne^'easary  to  carry  on  its 
vital  functiona.  Death,  in  such  caaes,  is  really  due  to  acute  starva- 
tion. Quite  frequently,  however,  in  Diabetes  mclUtus  death  is  due 
to  another  cause  than  acute  starvation,  namely,  to  diabelif^  cohio. 
This  can  best  be  described  as  a  condition  of  gradually  increasing 
coILipse  and  mental  dnliiess.  frequently  associated  with  a  form  of 
dyapncea — '*air  hunger" — in  which    the    respiratory  movements 
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are  deep  and  strong,  in  stnkmg  eoiitrfl«t  to  the  muaciilar  weakness 
of  the  rest  of  the  boilj. 

This  coma  ja  associated  with  the  pt^eence  In  the  urine  o[ 
DertAin  o^anic  acid^  especially  of  ^oKj-hutjTic  acid.  CH^^-CHOH- 
CH,COOH,  and  iu  oxidation  producU,  ac^to-aceticacid,  CH,-CO- 
CH^COOH,  and  acetone,  CH^^CO-CH,,  These  subsunc^  can 
naually  be  detected  in  the  urine  in  diabetes  previous  to  the  caiavit 
of  ttie  coma,  and  during  the  coma  thev  cooaiderably  iucrease  in 
amount.  It  has,  not  unfr^quL^ntly,  been  noted  that  during  the 
comatose  Btatc  the  breath  amells  of  acetone,  and  further,  tbatwhen 
this  state  supervenes,  the  amount  of  acetone  in  the  urine  befomea 
\ti»s.  while  that  of  its  precursors,  >!if-o^y-bijtn~io  acid  and  axsto- 
acetic  acidi  becomes  gr&ater. 

These  facts  u-ould  seem  to  indicate  that  the  coma  is  due  t<»  an 
exces^j  either  of  acetone  or  of  the  acids  in  the  orgamsm. 

The  smell  of  acetone  on  the  breath  hits  been  taken  to  point  to 
an  intoxication  by  tliis  substance  as  the  cauae  of  the  [znndition. 
Such  a  view  would  seem  to  be  aubstantiat^d  by  the  fact  that  when 
flt'etone  is  given  to  dogs  in  the  dofia^e  of  4  grm-  per  kg.  body  weight 
intoxication  symptoms  follow,  like  those  produced  by  ethyl  alcohol, 
and  if  this  dose  be  duubled,  death  may  result.  A  closer  examina- 
tion of  this  result,  howeverr  instead  of  proving  the  eontejitiorj.  at 
once  diaprovea  it,  for  if  H  gnn.  per  kg.  be  the  minimal  lethal  dose, 
then  at  least  a  JO  grm.  would  require  to  be  produced  in  a  man  of  7U 
kg.  to  cause  death,  and  it  ia  inconceivable  how  such  could  be  the 
vnaef  especially  since,  in  most  eases^  It  would  all  have  to  be  derived 
from  proteid  and  fat. 

Let  ua  then  consider  whether  the  ocids  may  not  be  tho  cause 
of  the  intoxication.  They  increase  in  amount  in  the  uiiue  at  the 
expense  of  acetone,  just  before,  and  during  the  coma,  and  if 
Iricarbonate  of  soda  be  given  by  mouth  to  the  patient,  or  if  faintly 
alkaline  intravenous  saline  injections  be  made,  still  more  of  the 
acids  appears  in  the  urine.  Moreover,  the  condition  of  coma 
seems  to  be  frequently  alleviated  by  the  adminiatration  of  alk&h, 
and  there  can  be  little  doubt  that,  in  many  caj^es  of  diabetes, 
attacks  of  coma  can  be  warded  off  by  the  regular  exliibition  of 
alkali.  The  alkali  neutralises  the  esccsa  of  acid  in  the  orgauism. 
AN  thcae  tacts  indicate  an  excess  of  acid  in  the  tissues  as  the  possible 
<^use  of  the  coma. 

Whal,  iften,  is  the  ejfeci  oj  excess  of  acid  in   the  organum? 
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If  mineral  acida  ht.  given,  by  moutL,  to  rabbits,  tbe  ammab  loss 
the  power  of  moving  about,  become  comatosCj  and  ultimately  die 
of  coll&pse  ;  a  symptom  eomplex,  at  leasts  suggestive  cf  diabetic 
coma.  If  ftlVflli  be  administered  to  aeid-poisoned  animals  these 
ayuiptoma  diaap^JKar. 

If  the  urine  of  such  poiaoned  animab  be  examined  it  will  be 
found  to  contain  an  excess  of  ammonia.  Tbia  muat  mean  that,  for 
its  neutrahaationj  the  ai?id  bas  not  only  used  up  all  the  filed 
alkali  (Na,  K,  &c.)  in  the  organism,  but  has  appropriated  some  of 
the  ammonia  which  nornmlly  would  have  been  transformed  int*' 
urea.  The  excretion  of  an  excess  of  ammonia  can.  therefore^  be 
taken  to  indicate  the  neutialiaation  of  all  the  fised  alkali  by  the 
acid  admuiiHtered. 

A  direct  estimation  of  the  alkalinity  tif  the  blood  in  acid 
intoxication  will  ehow  that  most  of  the  alkaU  has  been  neutralised. 
One  of  the  most  important  funotiona  of  the  Bsed  alkali,  in  tha 
blood  At  leaatf  is  the  carrying  of  carbonic  acid,  and  since  tho 
mineral  acids  possess  ho  vety  much  stronger  af^nities  for  alkah 
thAQ  carbonir:  acid  does,  we  would  espeet  to  find  very  little 
carbonic  acid  in  the  blood  of  acid-potaoned  animals.  As  a  matter 
of  fact*  Walter  (^')  found  only  2-^  vok  per  cont.,  the  normal 
amount  being  110-10  vols,  per  cent.  The  imme<3iate  cause  of  the 
coma  may  therefore  be  the  acciumulation  of  farbonic  acid  in  the 
tiasuea;  it  remains  where  it  ia  produced*  for  the  blood,  deprived 
of  ita  alkali,  can  no  longer  transport  it  quickly  enough  to  the 
longs. 

Is  there,  then,  really  an  acid  inioxiration  in  diabetic  coma  f 
The  indications  of  thifl  in  the  expenmentfllly  produced  condi- 
tion we  have  seen  to  be:  (1)  Excess  of  ammonia  in  the  urine. 
(2)  Marked  diminntLon  in  tho  ]>ereentage  of  CO,  ia  the  blood. 
{?>)  Diminution  of  alkalinity  of  blood.  Do  these  conditions  exist 
in  diabetic  c^ma? 

It  bafi  been  known  for  long  that  an  exceas  of  ammonia  is 
excToted  in  severe  diabetes.  In  normal  human  urine,  the  amount 
of  nitrogen  excreted  aa  ammonia  is  only  ;j-li  per  cent,  of  the  totjil 
nitrogen;  in  diabetes,  it  may  form  20-30  per  cent,  of  the  total 
nitrogen  (Magnus  T-evy  '^).  Since  this  represents  ammonia  diverted 
from  its  normal  metabolism  into  urea  for  the  purpose  of  neutraliH- 
ing  the  excess  of  acid,  it  would  be  expected  that  alkali  odministra 
tion  to  diabetica  would  cause  it  to  diminish.    Such  has  frequently 
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been  found  to  he  tbe  caee^  although  all  the  excess  of  ommoma 
cannot  thus  he  made  to  disappear  (Mapnua  LevyJ. 

The  percentage  of  oarbonio  a^id  in  diabetic  blood,  especiallj^ 
dnring  coma,  h  stateii  to  he  very  ftitmll :  thus  Minkowski  {-^)  fmmd 
only  j3  vola,  percent,  in  one  case  of  diabetic  coma  shortly  before 
death,  and  ITi  per  cent,  in  another  caae  at  the  beginning  of  the 
coma,  and  a  normal  amount  in  two  eaaea  of  severe  diabetes  not  in 
the  comatnus  state  (N^aunyn").  Kraus  foond  C'4  vols,  per  cent. 
{vide  Magnus  Levy^). 

The  alkahnity  of  the  blood  is  likewise  anid  to  be  diminished  in 
diabetic  coma.  AccotdinR  to  Kraua  the  normal  allfalinity  corre- 
sponds to  l8o-22tl  m,g,  NaOH  for  100  c.c.  blood,  whereas  in 
diabetic  coma  it  was  found  to  le  125  m,g-  NaOH, 

The  fact  that  the  adniinistratLon  of  alkali  increases  the  excretion 
of  acid  in  the  urine  would  further  corroborate  the  idea  that  an 
acid  intoxication  exists,  Beddard,  Pembrey,  and  S])riggs  (*^)  have 
fpcently  reported  sf>me  dptermi nations  of  the  alkahnity  and  CO.,- 
content  of  thu  venuus  blood  of  diabetica  :  they  have  found  that  a 
rise  or  fall  in  the  one  is  arcompanicd  by  a  riae  or  fall  in  the 
other^  but  that  a  strict  paialleliam  l>ctwccn  the  two  does  not 
erist.  During  diabetic  coma  the  percentage  of  CO^  in  the  al^^olar 
air  was  ftnind  ta  be  much  below  the  normal.  They  conclude  that 
the  diminished  COM-content  of  the  venous  blood  in  diabetic  coma 
ia  the  n-milt  of  the  hypeqincea  {i.e.  of  the  increaaed  ventQation  of 
the  lungs)  rather  than  its  cause. '  This  conclusion  is  based  not 
only  on  the  observations  detailed  above,  but  aUo  on  certain 
expentnents  which,  however,  camiot  be  given  here. 

The.  so\ircG  of  the  ^-oitf-hidyric  acid  atui  ifa  o^i^ation  prod^tcts  ia 
domcwhat  obscure.  It  cannot  be  derived  from  prof'fd,  as  the 
following  observations  show :  in  the  urine  o£  three  days  from  & 
case  of  diabetie  coma  Magnus  Levy  (^)  wan  able  to  aeparate 
326  grui.  S-oiy- butyric  acid,  and  the  nitrogen  excretion  showed  that 
meanwhi-le  271  gnn.  proteLd  had  undergone  metaholiam  in  the 
organism.  There  was  an  excesa  of  ^-oxy-hutyric  acid  alone,  to  say 
nothing  of  the  aceto-acetic  acid  and  acetone  which  had  also  been 
excreted.  Nor  ia  it  conceivable  that  all  the  c^irbon  of  proteid 
could  have  been  thus  excreted.    This  does  not  of  course  preclude 

L  They  fDUQd  tha  bloorl  of  a  ilitbQtio  (in  cama)  could  tnhc  up  a  nonno) 
nrnDufit  of  COi  on  vjpoauro  to  nn  atiDoapburo  of  this  gas.  TUs  coiaa  r&iites 
lesflanod  proriuctiou  of  CO,.  ^{£Hitor.) 
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the  possibility  of  a  part  of  the  acids  being  derived  from  protcid. 
The  acid  cannot  be  derived  from  iorhohytirati'  alone,  for  :t  is 
produL-ed  in  al*undanL'e  nn  h.  CHrbohyd  rate -free  diet,  and  at  a  stage 
Ln  diabetes  when  practically  all  the  tiriaue  carbohydrate  miiat  have 
been  need  up. 

Two  otlier  poaaibilities  lemain  to  explain  tbe  eource  of 
jfi-oxy-butyric  atid  and  its  derivativea;  the  decomposition  of  fat 
and  a  Bjntlietic  process.  For  this  fifitf/iesis,  bodiea  with  two  and 
three  carbon  atoms  would  be  available,  and  these  nught  be  derived 
from  proteida  or  fata  or  carbohydrates  ;  so  that,  indiroctlj  at  least, 
t^ieae  bodies  may  eome  irom  any  of  the  proximate  principles  nf 
food. 

Their  denvatioa  from  fats  would,  for  certain  fats  at  leaaL, 
be  a  very  aimpk  chemical  process.  Thus  from  butyric  acid, 
CH^CH^CHX'OOH,  the  replaoement  by  hydroxyl (OH)  of  one  of  the 
hydrogen  atoms  of  the  second  methyl  group  of  t]\&  chain  is  aU  that 
wouldhavebooccur— CHjiCHOHOHjOOOH.  In  the  ease  of  higher 
fatfl,  with  16-18  carbon  atoms  {€,g.  palmitic,  C,_,,U3,C00H,  and 
stearic,  CjtH^COOH],  it  is  possible  tliat  a  gradual  breaking  away, 
by  an  oxidative  proeeas,  of  the  ends  of  the  chain  oecuis,  till  at  last 
an  acid  with  a  chain  of  four  carbon  atoms,  viz.  biiytrie  at^id,  iH  left, 
and  that^  in  the.  diabelic  state  oxidation  c^n  only  proceed  a  short 
distance  farther  and  convert  this  into  fi-oxy-butyiic  acid»  aceto- 
acetio  acid,  and  acetone,  but  not,  as  normally*  into  CQ^  and  H^O. 
By  BUch  a  process  only  one  molecule  of  ^-oxy-butyric  acid  would  be 
derived  from  one  of  fafty  acid.  It  is  conceivable,  howei'er,  that 
the  larger  fatty  acid  molecule  breaks  down  into  several  smaller 
fractions,  each  of  which  then  changes  into  butj'ric  acid.'  By 
such  a  process,  avveral  butyric-aeid  molecules  might  be  derived 
from  each  fatty  acid  molecule.  Let  us  aee  now  how  far  actual 
observatiDn  bears  out  these  Huppc^tions. 

f^chwarz  (^''^)  noticed  a  diatiuet  increase  in  the  amount  of  acetone 
excreted  in  the  urine  o£  a  diabetic  when  large  quantities  of  butter 
were  added  to  a  proteid,  or  proteid  and  carbohydrate  diet.  Ao 
iucreaie  likewise  followed  the  adrainistmtion  of  the  various  fatty 


^  Sooh  a  diarapticm  of  a  lar^«  luotiMiulfc  into  several  suiaUcr  iiidIboii]{»  ua- 
doubicdlj  ocunrs  ib  tLa  uise  cjf  carl>Qbydrut<'£  {r.j.  tadic  aoM  reraipptaEionl. 
ThoK  contain,  ho wi>*cr,  wiihic  tich  moJePult  snflidciil  atygea  for  thtjdianiptitrn, 
Ukd  h  it  a  cgucfiiiau  wbelher  lalij  ocfd  wiih  ]tA|»ck  of  uxjK^en  oouLd  UDdergo  tLe 
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ftoids  separable  from  butter,  and  this  increase  waa  moat  marked 
when  but/rir  acid  wiia  given.  Butyric  acid  is  therefore  un- 
doubtedly one  o[  the  precursors  of  iJ-ox_r-butj'ric  acid,  &c. ;  but  it 
cannot  be  the  only  one,  for  en  amount  of  thoBO  sub^tancee  is  oft^n 
GJ^creted  far  in  escea^  of  what  could  poasiblf  be  derived  from  tbis 
source  {pif/e  Mngnus  Lpvy*").  The  fact  that  Schwarz  found  the 
noQ' volatile  acids  of  butter  (pulmibte,  stearic,  and  oleic)  also  to  cauae 
an  increase  in  their  excretion  further  supports  this  contention- 
No  oxporime-nUil  or  clinical  data  throw  any  light  on  whether 
only  one  osiy-butyric  acid  molecule  b  derived  from  each  molecule 
of  theae  higher  ariila,  or  several.  To  anawer  this  question  it  would 
be  necessary  to  know  exactly  how  much  fat  is  undergoing  meta- 
boliaoi  in  the  hodv  and  how  much  oxy-butyric  acid,  aceto-acctic 
acid,  and  acetone  fire  meanwhile  being  excreted  ;  and,  until  this 
question  can  be  answered,  it  can  scarcely  be  hfjped  that  the  exact 
nature  of  the  cheinicji!  procpsa  by  which  fat  yields  theae  bodiea  can 
be  uoderatood.  At  pr&Bcnt  it  is  auccj'tain  wftcth^v  fat  is  ahiic 
their  sowrGs^  or  U'heih^.v  they  'may  rtot  b^  t/te  productg  of  soj/ts 
si/ntfietic  process. 

The  large  amoimtB  of  sugar  excreted  in  pancreatic  and 
phloridain  diabetes  and  in  Diabetes  mellitus  cannot,  as  we  have 
seen,  be  derived  entirely  from  the  carbohydrates  stored  in  the 
body  as  glycogen.  Where,  then,  does  this  excess  of  sugar  come 
ftom  7  Wc  havi!  assumed,  up  to  the  present,  that  proteid  must 
be  its  source,  and  yet  we  have  not  proven  beyond  doubt  that 
such  is  actually  the  case,  nor  have  we  ahown  how,  if  thia  sugar 
he  30  derived,  the  proteid  comes  to  yield  it:  we  have  not,  in 
other  words,  explained  the  bio-chemieal  processes  which  must 
en^ue  to  bring  about  such  a  transmutation  of  proteid  intu  car- 
bohydrate- 

The  discovery  by  Pavy  that  reducing  bodies  (augara)  are 
formed  when  egg  proteid  is  boiled  for  some  time  with  mineral 
acids,  anri  the  further  chemicAl  evidence  along  the  same  lines 
which  we  have  already  considered,  seemed  to  point  to  a  pre-fornicd 
carbohydrate  group  in  the  proteid  molecule  as  the  source  of  the 
sugar.  The  evidence  tor,  or  against,  such  a  derivation  we  shall 
now  consider  in  greater  detail. 

We  shall  see  whether  fat— at  leaat  the  glycerine  portion  of  it 
: — niay  not  contribute  towards  this  sugar  produetiou  in  the  body; 
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and,  GnflHj*,  whether  protcid  itself,  apurt  from  its  carbohydrate 
gfoup,  may  not,  under  certain  coiiditiona,  hehave  similarly, 

111  thia  review  sotiip  rejietitiati  will  be  uiiavoiJable,  and  seveml 
obaervationa  from  the  climcil  study  of  diabetes  in  mant  oot  yet  con- 
fliderod  in  thv*  article,  wlU  be  cited  to  assist  us  in  our  coiLclusiona, 

With  rerfard  to  its  deriaation  froTii  a  'iir&-fornhGd  carbo- 
hydrate ffvottp  iv  the  proteid  molecide. 

Wlien  other  forms  of  proteid,  and  more  edpecially  the  proteids 
of  blood  serum,  were  examined  for  carbohydrate  groups  by  Pavy's 
method,  much  smaller  yields  were  obtained  than  in  the  case  of 
egg  pioteid,  and  indeed  in  some  proteids  [e.g.  casein)  no  carbo- 
hydrate group  at  ftll  coiild  lie  detected- 

The  carbohydtate  group  separable  from  egg  pruteld  and  from 
BCTum  proteid  and  from  eevorol  other  varietiea  of  proteid  Ja,  more- 
over»  not  dextrose,  but  gluco^inriiit^  Before  any  role  in  givcogen 
ordextose  formation  could  be  ascribed  to  this  substaueej  it  would 
be  neLeiWftry  to  show  that  it  can  give  up  its  amido  (NH^)  group  In 
place  o!  a  hydroKyl  (OH)  group,  so  an  to  produce  a  aibrogen-free 
sugar — <:hitosc.  In  the  laboratOTV,  thia  Bubatitution  can  be  brought 
about  [see  p.  '616).  but  there  is  no  certain  evidence  that  it 
occurs  in  the  animal  body.  Glucosamin,  given  by  tbe  mouth  in 
large  doses^  pa.sses  in  part  at  least  into  the  urine  unchanged,  and 
does  not  seem  to  lead  to  the  deposition  of  glycogen  in  the  tissues. 
Such  a  result  must  not  of  colugo  be  considered  as  furnishing  a 
Unal  answer  to  our  question,  for,  as  Langstein  points  out,  it  is 
quite  conceivable  that  the  glucosamin  liberated  in  the  organiam 
itself  {i.e.  of  endogenous  oii^n]  is  susceptible  to  quite  a  diSerent 
metabolic  process  from  glucosamin  introduced  from  without  (i^- 
of  exogenous  origin). 

In  this  connection  it  is  also  of  interei«t  to  note  that  thero  is 
much  evidence  that  the  process  of  denitriScation  of  amido  bodies 
can  be  carried  out  by  living  cells ;  thus  Hopkins  and  Cole  have 
recently  shown  that  if  anaerobic  bacteria  be  grown  in  the  presence 
of  tryptophane  (sbatol  amido-acetic  acid)  they  cauec  the  amido 
group  (^Wq)  to  be  eliminated  and  leave  behind  skatol-acetic  acid, 
Jones  and  others  have  also  shown  that  amido-purins  can  be  con- 
verted into  oxy-purins  by  a  denitrifying  ferment,  and  as  is  ex- 
plained elsewhere,  there  is  no  doubt  that  this  denitn^catiou  of 
amido-purina  ie  constantly  going  on  in  the  body. 

There  Is  also  soroe  indirect  evidence  that  giucoaamin  can  iorm 


3TG    THE   METABOLISM  OF  THE  CARBOHYDRATES 


glycogen,  ior  Blomeathal  and  Wohlgemuth  ("^  have  found  that 
if  frogs  be  fed  on  prott^ide,  Buch  as  egg  dbnmin,  wldcli  eontam 
glucoaaminf  glycogen  becomes  depoaited  in  the  organism;  whereas 
when  ted  on  auch  prot^idg  U3  casein,  nhicK  contains  no  glucoaaoun, 
glycogen  is  not  formal. 

It  i&  possible,  therefore,  that,  under  dome  coudittoiifl,  the 
glucDBamin  present  in  certain  pratcids  may  be  converted  into 
dextrofie  in  the  animnl  body  ;  but  for  vanoua  leaBons,  glucoeamin 
cannot  be  held  ftc(?  our  table  for  the  large  amount  of  sugar  excreted, 
by  starved  diabetic  animals.  Tjet  ua  then  consider  in  this  con- 
nection the  other  sugar  groups  which  have  been  isolated  from 
proteid- 

We  saw  that  pfnfom-A  were  almost  invariably  found  among  the 
decomposition  products  of  niicleo-prcteid,  and  we  know  that 
nucieu-prcf^idH  are  eoostantly  being  broken  down  in  the  organiam 
(flee  p.  UQ9) ;  what  then  becomes  of  the  pentoae  thereby  liberated  t 
does  it  acrve  to  build  up  glycogen  and  bo  become  converted  into 
dextrose ;  or  is  it  excreted  unchanged,  in  the  urine  ?  We  Icnow 
that  when  pentoses  are  given  by  the  mouth  they  appear  un- 
changed in  the  urine  ',  they  are  not  retained  in  the  organiHm  aa 
glycogen,  ncT  are  they  oscidised  in  tbeir  passage  through  it. 
Taking  theec  facts  into  consideration,  we  might  expect  that  the 
pentoses  liberated  in  the  break-down  of  nueleo-proteid  would  like- 
wise pass  unchanged  into  the  urine,  in  which  therefore  traces  at  least 
of  pentose  sugar  would  be  constantly  prcacnt.  Such,  however, 
is  not  the  casc^  Pentosuria  is  a  rare  condition,  and  the  variety 
of  pentose  which  does  appear  when  it  is  present  is  chomically 
UiPferent  from  that  which  appears  as  a  decomposition  product 
of  nncleo-proteij.^ 

The  dtj-Irosf  y/m'2'  recently  found  in  acrum  globulin  [set  p,  317) 
is  no  doubt  a  direct  glycogen  former,  but,  at  moat,  no  more  than 
2  per  cent-  of  dertroao  can  U  separated  from  this  proteid.  Of 
the  other  proteida  which  are  among  the  conatitueats  of  our  food, 
casein  and  gelatin  contain  no  carbohydrate  groupa,  and  in  serum 
albunun  thei'c  Is  much  doubt  whether  the  Oft  i>er  cent  of  carbo^ 
hydrate  which  hae  been  separated  from  it  does  not  come  from 
adherent  mucin. 

Pfltlger  C*)  has  recently  brought  forward  the  view  that  glyoogen, 

1  It  is  befoni  the  scope  of  thU  arttole  to  dtcmim  lh«  iatemtitig  coodltion 
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wid  hence  dextroaa,  can  be  derived  onl^  from  airhohydr'ttos,  end 
he  explains  the  evident  sugar  for*fi}/ition  which  occure  in  the 
animal  hody  in  diabetes  aa  U'ing  derived  from  the  carbohydrate 
groups  in  the  proteid  molecule.  He  aaaerts  that  if  we  a-Uow 
iU  per  cent,  of  carbohydrate  as  tbc  svcrnKO  amount  in  all 
proteids,  then  the  whole  oi  the  augar  which  is  eKcreted  in 
diabetes  can  be  Accounted  for  aa  of  proteid  origin.  We  shall 
presently  see,  Kowever,  that  even  if  we  ftdmit  tfiis  average  it 
is  impossible  thus  to  explain  the  &uga.t  production  in  many 
cases  of  diabetes  ;  and,  moreover,  the  premise  cannot  be  granted, 
for,  as  we  have  just  seen,  none  nf  the  proteids  which  we  take 
aa  food  contains  anything  like  tins  amoont  of  sugar:  it  would 
be  more  correct,  in  fact,  to  state  that  the  average  amount  is 
1  per  cent- 

Besides  the  evidence  of  Ltlthje  and  others  that  Pduger's 
hypothesia  cannot  possibly  hold  in  the  case  of  depanereated 
doga,  there  is  a  Lionaiderahle  amoont  of  chnical  evidence  tliat  m 
Diabetes  mcllitus  too  the  hypothesia  \&  unteoablc.  The  atrongeat 
evidence  in  tiiis  connection  has  been  furniahed  by  F.  Kmua 
and  by  Mohr. 

F.  Kraua  (^)  kept  a  patient  for  several  weeks  on  a  daily  diet  of 
milk,  egga,  flesli,  some  white  bread,  aud  20  ^m,  butter,  and  found 
that  for  every  1  grm.  of  augar  which  was  obtainable  hy  hydrolysis 
from  the  food,  l'6o5  gnu-  appeared  in  the  urine.  Mohr  (^) 
estimated  the  total  sugar  eicreted  by  two  diabetic  patienta  for 
four  to  five  weekn,  and  fourKl  that  over  1-^00  grm.  carlxjliydrate 
appeared  in  the  urine  in  excess  oE  what  could  have  been  derived 
from  the  diet,  supposing  even  that  all  the  proteids  of  this  contained 
10  percent,  ofsugarn 

Granted,  then,  that  fke  nxtga-r  in  diitbetfj*  cannot  be  dmved 
froTiL  ciirhuhifdraitfi,  tiOter  fret  or  bound  to  the  pi^t.etd  -utoUcidp,, 
we  tire  driveTi  to  thfC<mclumon  that  proteid  It^f  or  fat  Tn>itfit 
he  its  BOUTve. 

Let  U8  co-nsuh'r  irhethfv  fat  may  'not  hi  the  source  of  the 
mgc/r.  Neutral  fat,  it  will  be  rememberedi  is  a  compound  of 
glycerine  and  tattj  acid.  We  have  seen  that  r/lycrrinr  feeding 
probably  does  not  cause  glycogen  to  be  deposited  in  the  liver 
(see  p.  331).  On  the  other  hand,  it  has  been  found  by  Eqil] 
Fischer  (^)  that,  in  the  chemical  laboratory,  glycerine  can  be 
readily  converted  into  glycerose  by  mild  oxidation  with  a  mixture 
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of  bromine  and  BodJnm  hydroiide.  and  that  two  molecules  of 
glyceroae  reoditj  condense  (aldoJ  condensation)  into  a  molecule  of 

Invulose. 

CH.OH  CH„OH 


C'HOH 
CH^OH 


CHOK 
I 


CHpH 


CO 

I 

CH.OK 


Ca,OH  -  C!HOH  -  CHOH  I  ,  r  „,  ,^  . 

All  indtix  of  whether  the  sugar  in  severe  diabetes  U  derived 

from  glycerine  would  be  the  obtaining  of  a  D:N  ratio  higher 
tban  that  which  could  exist  were  the  sugar  derived  from  proteid 
alone^  at  a  fltage  in  the  diabetea  during  which  the  glycogen  in  the 
body  had  all  diBap^warod.  Von  Mering  calculatoB  that  2^  grra.  of 
proteid  or  100  grm.  of  flesh  [i.e,  :V4  gnn.  N),  mipht  yield  '11  grm. 
sugar,  after  allowing  for  the  carbon  of  urea.  This  would  give  a 
D:K  quotient  of  iS:  ].  Other  observers,  including  MinhowsH. 
oonsider  that  the  D :  N  ratio  obtained  in  depanereatcd  dogSj 
starved  or  fed  on  flesh  alone  (viz,  "2'8;  l),  represents  the  higheBt 
one  poasible  when  proteid  alone  is  the  source  oJ  the  sugar.* 

Another  wsy  of  answi^ring  the  problem  would  be  to  see 
whether  the  total  sugar  excreted  by  a  diabetic  animal  during  a 
week  or  two  could  be  accounted  for  by  the  glycogen  provioualy 
stored  in  the  body  (taking  for  the  purpose  of  this  calculation, 
Pfltlgpr's  average  of  40  grm.  oE  glycogen  per  kilo   body  weight)/ 

'  In  using  thia  qqotiCQt  u  a  oritflrioa  of  tbe  Bourca  of  d^itiose  ib  di&^sleA, 
facvOTer,  it  muBt  be  boroB  id  micd  LbnL  tbij  rebBnlrioD  of  niiropieDt  »  veil  ob  tba 
iDcreoaeil  biDreiJOEi  ol  de:itruK,  might  caaau  lb  to  rise.  Tfow  gevetal  clinical 
Obaerters  hnvB  ihcwn  that  a  □oDklderable  reLenflan  oT  nlLrogen  jdbj  occcr  in 
D1abetfl4  mf^tlitui,  ao  that,  int  tho  qnntlcriE  tn  be  of  hd^  valn^  in  indKAtin^  the 
koiirca  of  tbe  nn^ar,  (he  ercrdtlon  of  nitTv>|]'Bd  tbonld  be  at  leiat  as  ^raat  ns  tbv 
ijit&kfi,  Bdd  Ihe  nb«etta(ioDi  should  entend  over  teveral  daya.  Id  other  Aord^ 
the  &ugBr  and  tho  Dilro^oaam  axoroLorj  bodies  formed  id  tha  or^nisriiH  b3j 
whpD  ?g^  albiLEDiD  ia  i^Ivbd  in  the  food,  loay  Dot  ftppear  la  the  uiIdb  at  tbe  daniQ 
uomQDU  thd  eiorBlicD  of  The  sURar  c^jmioj^  to  an  i?rid  bgfpTe  thai  ol  ihe  riitio- 
gcaoicrt  budJtis.  To  obtain  chtf  uorrti:ii  quotl&nL,  tberi^fort,  the  eiamluaj.iuri  muitt 
last  an  lon^  aa  it  la  notSaed  that  there  Ia  aoy  efFGOL  on  either  the  sugnr  ot  thtt 
nitropcn  Bacretion*. 

^  Whan  tb«  observntion  is  made  ab  lucb  a  itng^  in  dlabeCEB  during  vbicb 
lllUff  glyeogea  could  BtUI  remaiD  m  the  bodi^,  h  lower  value  tban  Lh»  *oold 
hfLve  to  be  laken. 
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and  by  the  proteid  which  had  meanwhile  undergone  mctaholism 
as  indicated  bv  the  excretion  of  nitrogen. 

As  a  mat-ter  of  fact.  Hartohg  and  Sohitnmi  (*'')  have  found  in 
phloridcin -poisoned  doga,  ot  a  late  stage  oE  the  diahetea,  D:N 
ratios  of  lO-ii  (for  two  daya),  and  13  (for  one  day) ;  and  Uumpf  (^) 
reoofda  a  ease  of  D.  melUtua  in  which  during  fifteen  days  on  a 
limited  diet  the  sugar  excrption  was  llS^'figrm..  and  that  of  nitrogen 
98-8  grm,  (D:  N  ratio  IIH),  In  neither  of  these  caseii  eodd  much 
glycogen  have  been  present  in  the  organism  to  account  for  the 
high  sugar  excretion. 

The/t(f/y  acid  portion  of  neutral  fat  cannot  probably  be  con- 
verted into  sugar,  and  this  may  poHsitrly  i^x^ilain  wlty  volatile 
fatty  acids  occur  in  the  urine  in  severe  Diabetes  mellitoa. 

These  results  would  seem  at  least  to  suggest  that  fat  may  be 
one  source  of  the  sugar.  Tfiat  it  i:annot.  however,  he  the  only 
9o\irct,  mill  he  efide  nt  aft/^'  we  have  considered  somewhat  more 
fully  htnif  praifilfl/i  (iLettisf^lviat  ctin  hf  ct/tiVf^rtrA  into  mitjar. 

Kalta  and  Mohr  ('"■)  have  noticed  that  the  increaeed  excretioa 
of  dextrose  which  often  follows  protcid  feeding  in  diabetes  depends 
largely  en  the  ease  with  which  the  proteid  in  question  can  undergo 
nietaboliam  in  the  organism.  Falta  found  that  casein  caused  a  riae 
in  the  dextrose  excretion  in  a  case  of  Diabetes  mellitus  of  medium 
severity,  whereas  egg  albumin  and  serum  globulin  did  not.  Apart 
from  showir;g  us  that  the  excretion  of  dextrose  does  not  depend 
on  the  presence  of  a  carbohydrate  group  in  the  proteid  molecule 
— lor  casein  contains  no  such  group,  whereas  egg  albumin  and 
senim  globulin  do — this  result  shows  ua  that  the  more  eaaily 
the  proteid  is  made  use  of  by  the  body  the  more  likelihood  ia 
there  of  its  influencing  the  excretion  of  dextroae,  casein  being  more 
easily  assimilated  than  egg  proteid-  It  i^rould  appear  that  the 
sugar  derived  from  casein  is  too  quickly  produced  to  be  converted 
into  glycogen — -the  power  of  effecting  this  transformation  being 
probably  depressed  in  diabetes— so  that  it  accumulates  in  the 
blood,  causing  hyperglyciemia ;  whereas,  from  egg  albumin  and 
serum  globuhn,  this  sugar  ia  produced  slowly  enough  for  the 
organism  to  deal  with  it  and  convert  it  into  glycogen- 

In  contrast  to  the  smalt  amount  oE  sugar  which  can  be  ob- 
tained in  the  laboratory  from  proteid,  we  see  that  in  the 
organism  a  large  amount  must  be  derived  from  this  aource.  Tliis 
fact  compels  ua  to  consider  the  queation  of  sugar  formation  in  the 


380    THE   METABOLISM    OF  THE  CARBOHYDRATES 

body  from  pioieid  from  another  point  ol  view,  namelj.  that  the 
sugar  IB  Jcnved  from  some  of  the  decomposition  pro'fuHff  of  the 
protfid  inoUeid^  ItAcff — that  is,  from  amido-acida,  bexone  baaea, 
aromatic  bodies,  &c- 

In  conalderjng  the  possibility  of  BUcb  a  pror^ss  we  muflt  admifrj 
at  the  outset  that  a  liljeratioa  of  the  amido  group  (NILl  ia  poBtdblft 
in  the  body.    That  Buch  a  proccsa  docs  actually  obtain  we  have 
already  seen  in  connection  with  glucoaamin  and  amido-purina. 

Tb«  amido-acidi^  which  we  should  naturally^  look  to  as  possible 
precuraorp  of  dextrose  are  those  which  i:ontain  either  three  or 
six  carbon  atoms.    Such  amido-acids  are  leitcin  and  alanin. 

Alaiiin  is  amido- propionic  acid  and  haB  the  formula 

CH-NH3 

coon 

By  the  action  of  nitrous  acid  '  on  thie,  the  NH^  group  ia  sub- 
atituted  by  an  OH  group,  the  resulting  body  being  lactic  acid  ox 
li- hydroxy- propioiuG  acid  : 

CH, 
J 

CHOH 

COOH 

Now  lactic  acid  ia  closely  allied  to  glyceric  aldehyde,-  which  by 
a  process  of  condensation  easily  passes  into  dextrose,  thua  : — 

CB.OH     CH.OH     CH-OH 
I  I  I 

CHOH  +caoR  =(oh;oh). 

I  I  1 

CHO        CHO  CHO 

{(ftifceric  aJ<fehi/de)    ^Di'j:iro8c) 


'  When  nitrooA  aM  is  allowed  10  act  on  toj  otganio  <ub«laiM»  af  tha 
pftraJHo  Btrlen  conlafoiu^  an  amido  groDpt  the  *mida  ffroup  id  replaood  trj 
bydrojirli  Aud  free  iLitiogeri  Is  Bvolvcd. 

^  Gljfieiic  Alde1]>de  caQ  be  ubUlDod  from  BcroleJa  dibramide  bj  trea^x:g 
tba  latter  vitb  barjiu  waLer. 

CH,Br  CHsOH 


=  CH* 


CHEr  f  Ba{OH)j  =  CHOH    (  BuEr, 

[  I 

COH  COH 
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Confirmation  of  the  posj^ibility  of  sucli  a.  proceaa  is  further  found 
in  tlie  ease  vnth  wliich  dextrose  can  be  converted  into  lactic 
acid,  for  example,  during  the   action   of   zymase  (G,  Buohner): 

In  the  laboratory,  then,  we  aee  that  the  converaion  of  alanin 
irto  dextrose  is  qoJte  fjoHeiblB.  and  that,  as  an  intermediate  product, 
lactic  acid  ia  formed.  By  biological  experiment,  equally  con- 
vincing reaulta  have  been  obtained  by  Langstein  and  Neuberg(^H 
Those  workera  starved  rabbits  for  eleven  da^^ — by  whieh  time,  aa 
we  have  seen  above,  the  tiasaea  will  be  pretty  well  cleared  of 
glycogtin — and  tlien  fed  them  with  ^O-.'SO  gnn,  nf  alanin  ;  on  killing 
the  animals  shortly  afterwards,  2  grm.  oE  glycogen  were  found  In 
the  liver,  an  amount  greater  than  conld  poaaibly  have  been  de- 
ported had  the  alanin  acted  merely  &s  a  pseudo- glycogen  former- 
Moreover,  and  this  ia  the  moat  convincing  result  of  all,  the 
urine  conlained  laetlc  acid  in  considerable  amount.  That  thifl 
lactic  acid  had  actually  come  from  the  alanin,  and  not  from 
the  tiaauea  ot  the  aiiimal,  waa  ahown  by  the  fact  that  the  ad- 
ministration of  the  oxyphenyl  compound  of  alanin,  namely,  tyroan 
(oiyphenyl'ftmido- propionic  acid),  was  followed  by  the  excretion 
ID  the  uriue  ol  ox3"pheriyl -lactic  acid,  Kraiis  (^).  as  we  have 
stated  above,  also  found  that  cats,  when  starved  and  poisoned 
with  phloriddn,  excreted  much  more  aiipar  when  alanin  waa 
given  them  than  when  no  alanin  was  given. 

With  regarf3  to  amido-acids  containing  six  carbon  atom?*,  if 
we  place  side  by  aide  the  formula  of  leucin — the  reprefientative 
of  this  class— and  that  of  dextrose,  we  shall  see  that  no  vary 
great  rearrangement  of  atoms  would  be  oecesaory  to  convert 
,tba   former  into  the   Utter  body.      Leucin    is   iao-butyl  amido- 

;ic  acid,  and  had  the  formula : — 

COOH  -  CHNH.^  -  CH.UH 


destroae  haa  the  formula  CH30H"(0E0E)4CHO,  and  although 
the  transformation  would  invoke  the  production  of  a  strai^t 
chaiij  of  carbon  atoms  out  of  one  which  is  branched — iy.  of  a 
nmitiol  out  of  an  /'iu- com  pound — a  proceaa  which  ia  rarely  met 
with  in  organic  chemiatry — there  can   be  no  denial  on  a  jtriofi 
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ida  of  tLe  poaaibililrj  of  the  tianafoTinstioa.     la  fact,  F. 
[liller  has  shown  that  by  the  action  of  KOH  on  dcjttrose,  tetra- 
oxy-caprolo  acid — 

CH,OH-(CHOH)^-COH 

COOH 


ia  formed,  and  this  Gontams  a  brajioht^d  chaln- 

The  recent  dUcovery  by  Orgler  and  Npubei^  that  tetra- 
oiyamino  caproic  ai^id  ia  produecd  from  chondroein  by  tlie  action 
of  baryta  on  it.  fumiHhea  us  with  direct  chemical  evidence  of 
the  possibility  of  aiigar  production  from  leuran,  as  ifi  shown  by 
the  following  equations  : — 


COOH 

I 
CHNH 

I 


CB.pH 


,  CHNH3 

CHOH 


CH 


CH0R1 


\ 

[Leuctii) 


CHii  CHj 


>« 


\ 


CH.   COOH 


CH.pH 

CHOH 

f 
UHOH 

I 
COH 

I   \ 

CH-,  COOH 


CH^^OH 


CHOH 

I 
CHOE 

I 
CHOH 

I 
CHOH 

I 
CHO 


Tho  evidence  that  leucln  may  form  sugar  in  the  animal 
body  ifi  by  no  meanfl  so  convincing  aa  the  chemical  results  which 
we  have  juBt  been  considering  might  lead  us  to  expect.  Tbua, 
HalseyC^)  did  not  Snd  anv  increaae  in  the  Bugar  excreuon  to 
follow  leudn  ingcatioii  in  doga  rendered  diabetic  by  phloridsin; 
and  feeding  animals  with  proteida  which  yield  much  letioin  has  not 
been  found,  by  various  workers,  to  incre-ase  the  glycogen  deposits 
an}^  more  than  do  other  proteida.  On  the  other  Land^  Mohr  has 
recently  obtained  poaitivp  evidence  in  a  case  of  aevere  adolescent 
diabetea  in  man.  The  patient  was  for  some  time  on  a  constant 
diet  during  whicb  the  daily  sugar  excretion  varied  only  between 
49  and  60  gnu.  By  adding  ^0  grm,  leucin,  obtained  from  a 
pancreatic  digestT  to  the  diet*  the  sugar  excretion  rose  to  72-7o 
grm.,  amldn^  again  to  55-59  gim,  after  the  leucin  feeding  was 
>pped. 
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It  may  be.  as  Langatein  {^)  has  pointed  out,  that  the  cause  of 
the  disconlant  results  obtained  by  dilTerent  workers  is  tlmt  the 
aame  form  of  leucia  has  not  been  used,  Folix  Ehrlich  baa 
reoeiitfj  ahown  that  loucin,  as  prepared  by  the  uHual  methoda,  ia 
not  only  a.  niisture  of  several  i3omeric  forma  of  thia  body,  but 
that  there  are  also  frequently  mixed  with  it  amido-aeida  con- 
taioing  fewer  carbon  atoms  than  ax.  In  any  caae,  thia  is  a 
portJon  of  our  flubject  urgentfj  requiring  further  inveatig^tion. 

Tbc  invariable  presence  of  O£if~ami^o  act'ls  amongst  the 
decomposition  products  of  proteida  furnishes  us  with  a  further 
illustration  of  how  sut^r  may  he  formed  from  this  source.  Tor 
eianiplen  sfrin,  tbe  oxy -derivative  of  alanin^  lias  lieen  found  by 
Emil  Pischer  (*)  and  hia  co'workera  to  bo  a  very  common  decom- 
position product  o£  proteid.  Serin  is  oxy- ami  do- propionic  acid, 
UH,OH,CH  NH^.COOH;  by  aubatitutioii  of  the  OH  group  by 
hydrogen,  alanin  is  formed,  which,  as  we  have  seen,  easily  passes 
into  dextrose.  Fiirtherniorts  the  i/iio 'dcrivaUve  of'aerin  is  CTStein, 
haviui^  the  iormula  CH,,SH  .  CH  NHj  .COfJH  [protein  cyatcin)  or 
CH,NHj,CHSH  COOH  (stein  cystein).  Cyatcin  occurs  plentifully 
in  the  body  and  is  closely  related  to  the  tauria  of  bile. 

The  possible  telationship  of  thia  to  dextrose  is  beat  seen  by  a 
corapariaon  of  the  following  formulas  (after  Neuberg)  : — 

CH.Sn.CH(NH).COOn(ProteinoysteiT.) 
CH„NH.,- CHSH . COOR  (Stoincyatein) 
CH3OH -CONHo-CUOH  (Serin) 

rCH3-CH(NH)y-C00H(jUaTiin)      "I 

LcH,-CH(OH}-COOH  (Uctic:  -ui[d)J 
CH„OH  -  CHOH  -  COOH  (Glyfleric  nuid) 
CH^OH  -  CHOH  -  CHO  (GlyeBiic  (ild,:h>de) 
UH,jOH  -  (CHOH)^  -  CftO  { Doxtrose) 

Of  the  other  decompoaition  products  of  proteid  there  is  not  as 
yet  a  great  amount  of  evidence  that  they  may  form  dextrose. 
Neuberg^  however,  has  shown  that  certain  d in mido -acids  can  be 
converli^d  intu  oxy-amido- acids,  which*  aa  we  haye  seen,  may 
easily  be  tmnsf armed  into  dcxtroae- 


Before  concluding  it  should  be  mentioned  that  Sec(;^n  and 
others  (^)  have  stated  that  in  the  jiont-yttorfem  production  of 
dextrose  by  the  liver  a  greater  Increase  of  sugar  occurs  than 
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corre^ponda  to  the  dtminutioiL  of  glycogen^  1^  account  oF  this 
Ksukt  Seegen  t^nks  that  there  ie  in  the  liver  some  other 
polysaccharide  be*iJe»  glycogen.  This  polvaaccharide  coQt&ins 
aitrogen.'  Thft*e  workem  aha  found  that  wbeji  peptone  was 
sJded  to  a  LiveT  mu5h.  reducing  sugar  was  produced  in  increAaed 
amoiint  as  well  bb  substances  irom  which  sugar  could  be  pro- 
duced by  hydrolyais.  Of  course  peptone  ia  nc»t  normaUv  earned 
as  audi  to  the  liver,  being  coTiverted.  in  its  passage  through  the 
intestinal  epithclmrn,  into  native  proteid.  The  resultp  is  never- 
ttielesa  of  interest,  because  it  opeu8  up  a  new  line  of  research, 
vis.  to  study  the  effect  of  adding  the  various  deconipo^tioa  pro- 
ducts of  proteid  to  active  liver  tissue^ 
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CHAPTER    XIII 

THI*:  METABOLISM  OF  UBlf?  ACID  AND  THE  OTHER 

Wins    BODIES 

Nothings  is  perhaps  so  bewildering  in  the  whole  o£  bio-chemiatry 
as  are  the  various  hypotheeea  regarding  the  metabolism  of  the  purin 
bodies-  The  discovery  by  Scheele  in  1776  of  uric  acid  (iJtSiic  acid) 
in  urinary  c&lculi  was  followed,  acme  years  lator,  by  a.  description 
of  its  chemical  charactfira  by  Wohler  and  Liebig  {^).  The  main 
ontcome  oE  the  Htudles  oE  these  cheniista  was  to  ahow  the  elo»e 
relationship  of  uric  acid  to  urea  ;  for  example,  Liebig  found  that 
when  urio  acid  was  suapcnded  in  water  and  slowly  heated  with 
peroxide  of  lead  (mildly  ojtidiaedjjt  yielded  uroa,  allantoin*  and 
oxalic  acid-  At  thia  atage,  and  armed  with  little  more  than  this 
fact  relating  to  Ita  rheniistrj',  the  study  of  uric  add  metabolism 
in  the  animal  was  undertaken ;  and  for  many  years  this  subject 
funiiahed  a  pet  theme  for  physiological  and  chnical  rcaearch.  Most 
of  the  earlier  wort  on  uric  aoid  metaboliam  is»  however,  of  very 
little  value,  and  for  many  reasons  : — there  was  no  accurate  method 
for  estimatiiig  m-ic  acid  in  the  urine ;  its  chemistry  was  little  under- 
stood ;  erroneous  hypothesea  by  eminent  men  biased  the  interpreta- 
tion which  other  workers  put  on  their  results j  the  hypotheses  being 
conaidered  more  probable  than  the  results  when  the  results  were 
contrarj'  to  expectation  ;  no  distiiiclian  was  made  between  mam- 
mals and  birds,  the  results  obtained  on  birds — in  which  uric  acid 
is  abundant  and  easy  of  estimation — being  directly  applied  to 
explain  its  metabolism  in  mammals,  in  which  the  uric  acid  excretion 
is  small. 

Hecently,  however,  dating  from  the  diacoverieA  by  Emil  Fischer 
of  the  exact  chenucal  structure  of  the  purin  bodiRS,  and  by 
Koeael  of  the  compoeition  of  nucleins,  a  great  advance  haa  been 
made;  and,  with  accurate  quanritative  methods,  we  are  now  in 
possession  of  a   eomparntively  clear,   though  as  yet  fragmentary, 

iiiaisht  into  the  metabollatn  of  the  purin  bodies  iji  the  animal  body. 

■a?  ' 
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In  studying  the  metaboliani  of  the  piirin  bodies,  as  in  otHer 
studjea  iu  meta^LgliKiii,  it  is  necedaary  tiiat  we  poaaesa  a  clear 
imderatanding  of  tlitir  chemiatry;  i.e.  of  tbetr  relationship  to  one 
another^  of  thoir  mctbcde  oi  eyatbesia,  and  of  their  docomposi- 
tion  products  in  the  laboratory.  On  this  account,  it  may  not 
he  out  of  place  to  describe  briefly  i4ome  of  these  points  at  this 
utage. 

Let  U3  first  of  fill  consider  the  dccmnposUi^n  products  of  uric 
acid,  for  it  is  only  after  learning  what  theae  are  that  we  can 
hope  to  understand  the  synthesis  of  this  complex  organic  ftufa- 
atance.  The  empirical  fornmla  for  una  acid  is  Cp^HjN^Oji- 
By  treating  uric  acid  with  nitric  acid  a  douhhi  pi-ocess  0/  de^ 
cotnposi£ion  and  oi-idation  etisiKSr  with  cold  nitric  aciil  allosan  and 
urea  are  produced,  and  by  further  oxidising  alloxan  {as  by 
treating  it  with  imrm  nitric  add),  parabanic  acid  and  carbon 
dioxide  ga«  are  formed.  By  causing  parahanic  acid  to  talfe 
up  a  molecule  of  water  [by  heating  it  with  altftlies),  oxaJuric 
acid  ia  produced,  and  this  can  be  stiJI  further  hydrolyfled  (by 
prolonged  boiling  with  water)  when  it  yields  wrea  and  oxalic 
acid.  From  this  we  see  that  uric  acid  must  contain  two 
area  radicals  (ona  easily  liberated,  the  other  bberated  only 
by  vigorous  treatment),  hnked  together  by  a  chain  of  carbon 
atoms  which  is  represented  m  the  decomposition  products  by 
oxalic  acid. 

To  explain,  by  structural  formiilfe,  the  chemical  reactions 
involved  in  this  pniceas,  it  will  be  necessary  to  consider  the  con- 
fltitutional  formula  of  uric  acid,  although  by  ao  doing  we  are  of 
course  anticipating  the  deductions  from  its  other  reactions,  for  the 
fttruetural  formula  of  any  aubstaiice  is  simply  a  diagranmiatie  ex- 
pression of  all  ita  chemical  reactions,  and  can  be  set  forth  only 
after  all  these  have  been  Ljotiaidered.  Medicus  and  Etuil  Fischer 
have  shown  this  atructuial  formula  to  be  : — 


NH-CO 

I         I 
CO      C-NH 

nh-c-nh/ 


The  reactions  described    above  can   than    be    ea»ly  demon- 
strated ; — 
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L  NH-CO  NH-CO 

II  II 

CO       C'NH  CO       CO  +  CI 

I         D  >CO  +  H,0  +  0=    I  I 

NH-C-NH/  ^  NH-CO 

Viic  arid  (treated  with  cold  HNOj).  AlloJtan. 
II.   NH-CO  NH-CO 


Urea. 


CO     CO  +  O 

I     I 

NH-CO 


CO 

Jh- 


4  CO. 


CO 


AUoxan  (treated  with  warm  HNO,).     Parahanic  add. 


III.  NH-CO 
CO 


NH  -  CO 


+  HjO 


=  C0 

I 

NH-CO  NB^  COOH 

Pai-atranic  acid  (heflt^d  with  alkali).     OrcUurtc  acid^ 


IV.    NH  -  CO 


CO 


■fH,0 


=  C0 


\ 


NH,     COOH 


NH.  COOH 


NH(     COOH 


OxeditHc  acid  (boiled  with  water).      Urea.      Oxalic  acid. 

Theae  intermediftte  bodies  can  be  prepared  by  other  means 
than  those  described  above,  and  the  accuracy  of  their  ntructural 
formul©  thereby  proven. 

By  (laing  a  milder  o^i^ing  agent,  such  aa  pota&BiuEQ  per- 
manganate, uric  acid  first  of  all  forms  a  substance  called  allantoin. 
Thia  haa  the  empirical  fonnula  C^H^N^O^,  and  the  reaction  is  aa 
followa : — 

Ct,H»N^Og  +  O  +  HjO=  C^HjN^Og  +  CO^ 

(uric  acid)  (allantoin) 

The  atnictural  formula  for  allantoJn  Is 

/NH-CH-NH\ 

CO  I  CO 

\NH-CO    NH^/ 

from   which   it  is  seen  to  be  very  like   uric  acid,   poaaesaing  two 
urea  radicals  and  a  central  carbon  chain.     By  further  oxidation 
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it  yields  uiea  and  oxalic  acid.  Allantoio  is,  aa  we  shall  sue  later, 
of  peculiar  interest  from  a  pliyaiological  abandpoint  because  it 
appears  in  the  urine  of  certain  anim^U  [dogs  and  cat^)  when  a 
lai^e  cxceBs  of  mic  acid  is  present  in  the  tiaauea. 

So  far,  then,  we  have  seen  that  uric  acid  is  a  diureid :  it 
contains  in  its  molecule  two  area  radicala  linked  together  by  r 
carhon  reaidue.  Now  any  diureid  can  he  built  up  by  the  pod- 
densation  o(  oxy-acids  with  urea.  To  form  uric  acid,  lactic  acid 
13  the  most  suitable  oxy-acid,  and,  for  the  purpose  oi  this 
svnthcsie,  a  Bubatitntion  product  of  it,  viz,  triehlorlactamide,  is 
used,  becauae  it  is  much  more  capable  of  uniting  with  suet  btxiiea 
as  urea  than  tha  acid  itself  would  be,  (The  chlorine  atoms  and 
the  amido  groups  whit^h  this  derivative  contains  ate  more  eaaily 
replaced  than  hydrogen  atoms.)  If  then  trichlorlactamide  aBd 
urea  be  heated  together  the  following  reaction  ensues  :^ 


CI 


HNH 

1 
CD 

I 

Hira 


HN 


/ 


H 


ci-o-cn  ' 
I 

O-HOH  CO 

II  HN. 

00 -NH,  ^H 

{Ti^chhriactami'h)       [Uirvi) 


The    groupa  printed  dark    unite  to  form  uric  acid.     Ammonia. 
hydrochloric  acid,  and  water  are  evolved  aa  bye-produeta- 

Before  leaving  this  Hubject  of  its  chemical  structure,  another 
reaction  of  uric  acid  must  be  mentioned.  If  uric  acid  be  hydio- 
lysed  [caused  to  take  up  water)  by  heating  it  in  a  closed  tube 
to  170'  C-,  it  yields  glyoin  (araido  acetic  acid),  carbonic  acid, 
and  amnioma : 


CflH^N^Op  +  6H^O  =  CH.NH.COOH  +  3C0,,  -i-  3NHa 

and  if  glycin  and  urea  be  melted  together  and  heated  to  220-230°  C, 
uric  acid  ia  formed*  Now  glyctn  is  abundantly  present  in  the 
organiamT  and  the  above  reactions  might  lead  one  ti  expect  a 
relationship  between  it  and  uric  acid.  We  will  discuss  this 
qnestion  later. 

8o   far   we   have    spoken  only  of    uric    acid-      It  must    be 
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nmembendf  lioverer,  dut  vac  add  »  ool^  the  highnit  ozid>- 
(HHk  prodncl  of  a  whole  Kn»  of  oE^nic  imTiirtanrign.  BorcnJ  of 
which  occur  in  tiie  tiwiMja  and  aie  common  ingR^cDte  of  onr 
food-fltnlb.    The  moat  inqnrtuit  of  thne  bodies,  htmAm  mic  mad, 

UO   hypOXUlthin,    Mwthiw,    aAi^iin,     KQUUIlf    ^rftffll      *h*wilii^fciihi* 

■nd  thnn.  Ue  fint  four  of  these  oocnr  botii  in  the  tnUM  Mod 
the  food,  the  last  thiee  onfy  m  food.  These  "M""*—  we  ealkd 
pyrin  boHet  becaoee  thef  all  contam.  as  dwir  nixJeiu  of  eni- 
stznctiGn,  a  body  called  pmiii,  Tb»  haa  the  enqancal  fonmila 
C^^^.  By  pbcmg  bende  it  the  fonnnfas  of  the  other  monbeis 
<tf  tiie   gnmp,    ^mr   reUtiiMialupe  to   one  another  afe   deady 


Pdriii,  C^H^N^ 
HjpoEudiiD,  C^y^O 

XanthiD,  C^^N^C^ 

GnaoiD,  G^NjO 

Tbcui  and  CUbin,  Cfi{CE^fij 

TbeobroDUDe,  C^E^CB;^ fi. 

Uric  acid,  CjHtN^C^ 

Poim  11  odIj  of  dtecHetical  interaet.  Of  the  otbtts,  hjpo- 
xanthm^  iLanthin,  and  mic  add  may  be  coiuideied  aa  oxidca  of 
pnrio,  adenin  aa  hypoxanthin  in  which  the  oxy^^  atom  ii 
replaced  by  an  amido  groap,  and  gnanin  aa  ^■"t^'ii  with  one 
o^gen  atom  replaced  by  an  amido  gronp.  In  thdn  and  caffein 
all  three  of  the  hydrogen  atoms  of  ^""t^'"  are  replaced  by 
methyl  gronpa,  and  in  theobromine  two  of  them  are  thna 
replaced. 

Adenin  and  gnanin  are  ocxurtitiienta  of  nucleic  acid,  in  whicb 
they  are  lo  combination  with  phoapbOTc  add  aiid  amaHy  with 
a  carbc^ydrate  gronp.  Nocleic  add  ia  farther  combined  with 
albumin  to  f(wa  the  nndein  of  the  tiaaaea.  In  the  noclein  of 
the  tbymoa  g^aod  adenin  ia  moat  plentiful,  whereas  that  of  the 
pancreaa  containa  almoat  excluaively  guanin.  By  the  break-down 
of  the  aacl«ina  in  the  tiaauea,  adenin  and  guanin  loae  their  amido 
gronpa  and  become  converted  into  zanthin  and  hypoxantbin. 
In  their  further  paaaage  through  the  organism  these  bodies  are 
mostly  oxidified  to  uric  acid,  and  aa  this  they  are  excreted  in 
the  urine.  The  methyl  purina,  when  they  are  taken  into  the 
organism^  lose  their  metiiyl  groupa  and  become  converted  into 
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TftatLin  and  hypoxanthin.     The  following  Btnictural  formulte  de- 
monstrate the  uhemical  reUtionaliip  of  theae  bodies : — 


I         I'  ^ 


HN-CO 

I  I 

CO      C-KH 

I         ">  \CH 

HN- C  -  N^ 

Xftnfh  171 
{3-6  di-oj:j-|)Urin) 

CH.-N-CO 

Jo    ' 


NH-CO 

I         I 

V       ce-c-NH 

N    -  C   -  N«^ 

(5  oiy-piirin) 
HN  ^  CO 


N 

I 
CH 


C-NH. 


I  1 

C(NH.)C-NH 

I  ^  ^CH 

(2  amino  6  07(y-|junn) 


C  -  NH 

II        11  \0H 

N  -  C  -  N^ 

Athnin 
(6  amino-piirin) 

HN-CU 

1  I 

CO      C-NH 

HN  -  C  ^  NH/ 

(2-6-8  tri-oxy-purin) 


C-NH 

CH,-N  -U  -  N^ 

Caf^'p  Of  thein 
(1-3  di-mothyl-byposanthin) 


CH,  -  N  -  CO 

I       I         /CH, 
CO    C-N^; 
I       I        \CH 
CH,-N-C  -N-^ 

(1-3-7  tri-motbjl-Vpo'^'^tliW 


The  jLtomB  m  purin  are  numbered  so  that  we  can  indic^be  in  the 
formulffi  of  the  other  member?  of  the  group  the  sicact  position  of 
side  groups. 

We  are  now  in  a  position  to  proceed  with  the  metabolism  of 

the  purins. 

In  the  case  of  mammals,  the  metabolism  of  the  purin  bodiM 
ia  hj  no  means  so  simple  a  study  aa  It  ia  in  birds,  In  mammals, 
the  purin  bodies  are  excretory  prodncta  of  only  a<;condary  ini- 
portance  ia  comparison  with  urea,  which  forms  the  chief  end 
product  of  proteid  metabolism.  Thus,  in  mammals,  of  the  total 
nitrogen  expreted  each  dav  in  the  urine  about  W<j  per  cent,  appears 
aa  urea  and  only  Z  per  pent,  as  purin  bodiefl-  In  birds,  on  the  other 
hand,  tlie  greater  proportion  of  the  nitrc^n  ia  excreted  as  puiia 
bodies  {uric  acid)  and  only  a  traoe  as  urea.  If  uric  acid  bo  given 
by  mouth  to  mammals  it  reappears  in  the  urine  as  urea :  if  urea 
b«  amilarly  fed  to  birds  it  reappeara  in  the  urine  aa  uric  acid. 
Before  proceeding  further,  let   us  Bee  wherein  lies  this  differeJioe 
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between  birds  and  mammals.  Why  ehould  the  chief  end  product  of 
proteid  metabolism  be  uric  acid  in  birds  and  urea  in  mamiuala? 

In  birda,  uric  acid  n.  almost  eatirely,  produced  hy  the  ayntheais 
of  twn  urea  molecules  witb  a  tri-csrhou  uliairi.  If  this  svntbefliB  be, 
from  ar_y  cause,  prevented,  urea,  and  not  urio  aciJ,  is  excretfid, 
and  the  bird  behaves,  so  far  as  its  proteid  mctabolJam  is  con- 
cerned, like  a  mammaL  The  difference-between  the  two  groupa  of 
animals  is  therefore  more  apparent  than  real ;  in  both  casea  urea  is 
the  end  prciduct  of  proteid  uietaboliftm,  but  in  marmnala  it  is  excreted 
in  the  urine  as  such,  whereas  in  birds  it  ia  excreted  as  uric  acid.' 

Our  next  quOfltion»  thore/ore,  ia^  whether  or  not  the  small  amount 
of  uric  acid  which  mammals  Jo  excrete  ariaea  also  by  a  synthetic 
process  ?  la  it,  as  was  at  one  time  suggested,  the  remnant  of  an 
evolutionary  protesa  which  betrays  the  development  of  birds  and 
mammalia  from  some  common  stock  tn  which  the  synthetic  process 
alone  obtained?  Or  is  the  source  of  urto  acid  in  mammals  an  entirely 
different  one  from  that  in  birds  ?  To  answer  this  question  is  to 
anticipate  much  of  what  will  follow  in  the  succeeding  pa^e»,  but 
it  is  necessary  to  do  so  briefly  in  order  to  understand  what  more 
unmediatcly  concerns  us-  The  trace  of  uric  acid  in  mammala  is 
not,  to  any  appreciable  extent  at  lenat,  produced  by  a  aynthetic 
proceaa,  but  arises  by  the  oxidation  of  other  purin  bodies  in  the 
organism  ;  about  one-half  of  it  from  purins  given  in  the  food  and 
the  other  half  from  the  purins  which  are  set  free  in  the  tissues. 

All  the  purins  given  in  the  food,  or  all  that  are  hberated  in  the 
tissues,  do  not,  however,  appear  in  the  urine.    A  certain  portion  (in 

'  Thit  analog  bfilveen  Drio  &cid  io  birds  &nd  Lreu  in  mammBlA  haa  bn.'u 
BtrikJutlj  dcuiousiraivd  xu  *oqiv  esyeriiUBms  iiy  T,  H.  Milruy  |^').  By  makiug 
an  sntGclal  a.naB  in  lurge  birOfi  (geeso.  iJucks,  an^  lurkejs),  .Mllmj  was  able  to 
cnUecI.  arm^  unmixed  with  riecf'&.  mid  no  lo  (!riiiinnifl  anniLtnr^),f  in  ibfi  nrlnf} 
lifiv  mncb  lolal  n]tnigi»li,  iirlfl  acid,  parin  >>:iBeB,  and  nmiuQniu  were  excrefed^ 
Wbai  iulr(igc>nuu«  uqnilibTiiim  had  bi-coiav  eetablUhed  and  the  cvorctioQ  of 
purint  ooQdlact  in  amount,  he  AdcaJbulnrcd  lu  the  birds  eu^ciont  ocid 
(hjFdrochlotic  err  lActio)  to  prodqi^ff  inild  ejuptoma  of  a^id  boiRtniiL,  and  fDUud 
— btsidcB  a  distinct  diurcHB— tbub  tbc  mmouct  of  uric  acid  in  iba  uiinc  btcamc 
greatly  rSimialBbtd  (rV^^  ^^  previoaa  amcni]):},  bat  tbat  of  nmmcJiia  grutij 
iacru:a:>^,  la  iufiDiaifil»,  acid  JntoiicJLtioD  i^reiiT,])'  dimuiisbcs  tb&  v^criition  uf 
urfa^  but  caLJaee  tbe  aojtuouiu  ('xcrmbn  lu  increasp.  aud,  ao  duubl.  tbEs  la  whdC 
Lfld  prlmaji]y  occnrred  in  Milroy'a  dipfttimenl ;  T.bf*  ncid  hart — by  combining  with 
ammonia— pr(>ventod  urea  fnrrantion,  and  conwy^uentlj  .^leo  that  ciE  aric  acid. 

Tba  acid  admuiLairatiQD  did  not.  in  tba  above  cipctlmenta,  inQuflnca  lbs 
etcretioD  Of  iJie  purin  bascB,  and  it  is  poeRiblo  ibat  tboM  niiij  bo  produced  by 
■omti  profiD£s  akin  to  tbal  obtaining  ib  luiuiiiuali,  vie.,  oxidation.  No  »itain 
evififlLce  of  tbis  ADuld,  bowB-rer,  be  obtoinod  by  MiUoy. 
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iTum  about  one-half)  undergoes  decomposition;  tbo  puria  ring  be- 
comes disniptad,  ttc  urea  molecuios  are  liberated,  and  the  connecting 
cftHion  eliain  becomes  oxidised  into  carbon  dioxide  and  water.  The 
pnHjess  is,  therefore,  exactly  the  reverae  of  that  whicL  obtaina  in 
birds.  Urea  in  birds  is  a  precursor  of  uric  acid;  in  mamnjals,  urea 
13  an  end  product  never  fonaing  uric  acid  but  being  in  amall  part 
derived  from  uiic  acid. 

If  these  facta  be  remembered,  it  will  at  once  becoioe  evident 
that  a  knowledge  of  tlie  metaboliam  of  uric  ocid  in  birds  will  be 
absolutely  valueleaa  in  explaimiig  its  metabolism  in  mammals  ; 
indeed,  to  try  and  do  so  would  lead,  and  b&a  iu  tbe  past  led, 
to  very  serioiia  miBconceptloiift.  f^t  ua  confine  our  studies  for  the 
preaent  entirely  to  mammals- 

Our  chemical  introduction  has  shown  us  that  uric  acid  is  the 
oxidation  product  of  xauthiu  and  hypoKanthm;  as  we  would 
expect,  therefore^  theae  two  bodies  may  appear  in  thfi  urine  along 
with  uric  acid.  To  form  a  true  estimate  of  purin  metabolism  wo 
must,  therefore,  measure  the  total  puiin  excretion,  and,  in  order 
to  investigate  further  thoao  purins  which  are  derived  from  the 
tissues  {endoffen&Ms  parins),  we  muat  eliminate  the  puriiis  taken 
into  the  body  in  the  food  {ejiogenous  •prtrins).  This  could,  of 
course,  eoaily  be  done  by  giving  fcmd  which  contained  no  purin, 
Suoh  a  precaution  would,  however,  be  unneccsaary  did  wo  know 
exacti}"  how  much  purlu  we  were  giving  in  the  diet  and  what 
proportioa  of  thia  reappeared  as  purin  'in  the  urine.^ 

From  tbene  prehminary  reniartrt  we  aee  that  the  questions  to 
be  considered  first  of  all  are  thejie  ;— what  food-stuffs  contain  sub- 
stances capable  of  in^uencing  the  urinary  purin  excretion  and 
what  ia  the  nature  of  these  substances  T  what  proportion  of  these 
subatancea  reappears  in  the  urine  and  in  what  form  1  (that  ia,  ao 
uric  acid  or  some  other  purin).  In  answering  these  questions^  it 
will  be  necessary  to  consider  a  method  for  estimating  endogenoua 
punna.  We  will  then  be  in  a  position  to  see  whether  or  not  the 
amount  of  eadc^cnous  purins  excreted  in  the  urine  bcare  any  eon- 

'  In  f,*cT,  to  b<n  <jer1.uiri  of  mninrainiii^  evrryi  hinpr  in  a  p^rfecMy  phTHiQloRlcal 
BUlfi,  thtf  latter  diet  would  pribablv  be  preFejab^e,  at  li»a»t  in  tha  c&JBf  of 
oarniTorB,  »iDc«  thtM  AiiiumlB  vrn  hubiiurjiud  Ta  a  diet  coJiCainini;;  piirirt  bodiai^i 
and  it  mi^lit  cDnceivat'l|  be  anbjecijnp  thrm  \o  tihanriao-i  coDditione,  «etw 
we  to  place  eIji-oj  an  une  itt^vukl  nt  purine.  A?  We  sKull  eev  iMer,  Ibin  hTpO- 
lUetEcal  puiin  BLurvatLon  Is  of  do  flCLumitk  niocc  nucleina  are  buljL  ap  out  of 
ptiTia-fred  bodEes  and  DDL  DUL  of  purliiH  themielven. 


THE   MET.VE0L1SM   OF  THE   PtJRlN  BODIES       395 

Lt  proporttort  to  tbc  fimounb  of  puriDs  set  free  in  the  tiaauea. 
in  which  case  it  would  bo  poaaible,  by  multiplying  the  excreted 
ftmoort  hy  a  oortain  factor,  to  detetmJne  how  much  porin  forma- 
tion  is  aetuitlly  occurring  in  the  body-  It  ia  only  after  the  above 
points  have  been  cleared  up  that  we  can  expect  to  underatHiiil  what 
the  conditiona  are  which  in£u[;ncQ  thiri  tissue  formation  of  purins. 


The  Chemical  Nature  of  the  roou-STDrra  which 
Influence  Furin  Excretion 

It  is  not  ao  veiy  many  jcara  ago  Mnce  it  waa  universally  beheved 
that  the  urinary  uric  acid  wae  derived  solely  from  the  proteid  given 
as  food  ('}.  A3  proof  of  t\my  it  wafi  pointed  out  that  the  quantita- 
tive relfltionahip  between  urea  and  uric  eeid  in  thp  urine  is  a  con- 
atant  one.  This  we  would  of  courfle  expect  to  find  were  both  theae 
bodies  derived  from  the  sarue  source  (from  proteli) 

Aa  a  matter  of  fact  the  quotient  (-  ^ — —.)  which  expreaaeathia 

Vunc  acid/ 

relationship  was  found  to  be  fairly  cjmstant  (via.  45-65)  when 
flesh  diet  alone  waa  given;  but  when  the  diet  was  fieah'frea  [com- 
posed of  milk,  peptone,  and  vegetable  proteid)  a  quotient  quite 
different  from  that  observed  on  ficah  Food  waa  obtained.  On  such 
a  flesh-free  diet»  It  was  found  that  the  uric  add  Mcretion  became 
mnoh  smaller  in  amount,  and  remained  at  this  low  level  however 
muoh  the  amount  of  fleah-Iree  proteid  might  be  increased  or 
diminished  in  the  diet,  whereas  on  the  other  hand,  the  urea 
excretion  rose  and  fell  with  the  amount  of  proteid  inf^ested.  For 
example,  Camerer  {^")  was  able  to  double  the  total  mitogen  ex 
cretioii  withcut  there  being  any  change  in  the  uric  acid  nitrogen, 
so  that  a  high  quotient  was  obtained  when  much  proteid  waa  taken 

—r— ",-r^ —  )  and  a  low  one  when  there  waa  only  a  amall 

unc  acid  (conatant)' 

amount  of  proteid  (     .       .\  ,    —  — r ).     It  is  acareely  necessary 
Viinc  acid  (constant)/ 

to  dwell  longer  on  this  supposed  relationahipn  The  enormous  varia- 
tions which  it  undergoes  under  different  diets  even  in  the  flame 
person,  a  varjatiou  between  SLl'Ii  and  1224  in  aome  cases  collected 
by  von  NcKjrden  {^),  shows  us,  once  and  for  all,  that  flie.  vnV  a^id 
sccreiion  can  bear  no  Ttlaiion^hij/  to  the  ej:lent  of  proteid  jnetaholisv*. 
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One  fact,  however,   stands  out  clearl/  in  the  results  o£  tho 

numerous  researches  which  were  recorded  in  cunnefition  with  the 
ioduenE^  of  diet  en  the  uric  acid  excretion^  and  this  is  that 
flesh  contains  soir^ething  which  influences  the  excretion-  What 
could  thia  be  ?  The  chemical  relationship  between  the  xnnthin 
bases,  and  uric  acid,  already  described  in  the  chemical  introduc- 
tion, mig^sted  these  bases  as  possible  pr^ciiraors  of  itrio  acid, 
and  e.xperiments  were  accordingly  undertaken  m  which  purin 
bodies  were  given  in  the  food  to  animals,  and  their  iniiiiencc 
on  the  unc  acid  excretion  obaerved.  The  first  experimcntB  along 
these  Unas  yielded,  however,  entirely  negative  result ;  the 
cause  of  which  wbs  Uter  showD  to  be  that  unsviitable  animals 
(dog,  rabbit)  had  been  chosen  for  the  c:xperimeats,  i.n.  animals 
in  which  an  extensive  break-down  of  the  purin  ring  ensues. 
More  recently  by  experimenting  on  man,  it  has  been  definitely 
eatablished  that  hypoxanthin  at  least  causes  quite  a  distinct 
increase  in  the  excretion  of  uric  acid,  and  that  meat  extract, 
which  contains  a  considerable  amount  of  this  oAy-ponu  and  aUo 
of  santhin,  had  the  same  effect  C).  Tfirre  can  be  no  doubt  tJien 
that  jcantkin  and-hy^poinantkin  can  cause  a  marked  hicreasa  in 
the  excretion  of  uric  acid  i^  man. 

There  are  certain  animal  food-stuffs  (thymus  gland,  Ac.)^ 
however,  which  do  not  contain,  in  siuiple  extracts  of  theni,  any 
large  amount  of  these  oxy-purins,  and  wluch  ucvcrthelesa  cause, 
even  in  dogs,  a  diittinct  increase  in  the  purin  excretion.  A  clue 
to  the  influence  of  these  foods  on  the  uric  acid  ozcfetion  was 
furnished  in  1862  by  Koesel  (*).  By  this  worker  it  was  shown 
that  certfliri  xantbin  hasen  are  among  the  chief  decompoftition 
products  of  nucleina,  which  arc  verj"  abundant  in  these  food- 
stuffs, and  the  idea  was  suggested  by  him  that  uric  add  might 
he  derived  from  those,  hypoxanthin  being  farmed  as  an  inter- 
mediate product.  It  was,  however,  several  years  later  before  it 
could  be  conclusively  shown  that  this  aupposition  of  Kosael  was 
correct.  TLia  Horbaczewaki  i^)  succeeded  in  doing.  He  allowed 
a  mixture  of  ono  part  of  spleen  pulp  and  eight  parts  of  water 
to  stand  at  a  temperature  of  about  ^lO'  C,  for  eight  hours,  Aiter 
this  time,  mo(l(>rate  putrefaction  had  set  in.  By  filtering  he 
obtaiued  a  9uid  from  which — after  precipitating  various  substances 
with  lead  acetate,  and  separating  the  proteid  by  boiling— he  waa 
able  to  isolate  a  large  amount  of  xanthin  and  hypoxanthin.     On 
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the  other  haadj  no  xfintliin  and  hypoxanthin — or  only  a  trace 
— coiM  be  prepared  from  &  fresh  extract  of  spleen.  If  the 
Incubated,  slightly  putrid  mixture  were  supplied  with  oxygcu 
&a  by  ahakirg  it  with  air,  or  adding  H^O^  or  blood  to  it,  he 
obtained  uric  acid  instead  of  hjpoxanthin  and  xanthin. 

That  these  purin  bodies  were  actually  derived  from  the 
nuclein  of  the  spleen  waa  demonfltrated  by  the  fact  that  nuclein, 
pmpared  from  nay  organ  or  tissue  by  the  usual  methods,  gave 
similar  residta  when  treated  in  the  same  way  as  described  above 
foi  the  Bpleen.  Uorbaczewski  coneluded  from  these  experiments 
that  nuclein  must  contain  some  precursor  from  which,  on  itfl  decom- 
position, either  Kanthin  and  hypoxanthin  or  nric  acid  wan  produceil ; 
the  former  bodies  when  no  oiygen  waa  pr^aent  in  the  mixture,  the 
uric  acid  in  the  prewnce  of  oxygen.  He  further  stated  that  it  waa 
impossible  to  convert  xanthin  bases  directly  into  uric  acid- 

Spitzer  ['^)  repeated  Horbao^ewski^a  experiments  and  found 
that  uric  acid  could  be  produced  by  merely  bubhhrig  air  through 
a  watery  extract  of  spleen  pulp,  in  which  putrefaction  was  pre- 
vented by  adding  chloroform  or  thjmol.  Putref actio n  \s. 
therefore,  not  noceasary  for  the  procesfi.  This  worker  further 
found  that  xanthin  and  hypoxanthin  could  be  directly  converted 
into  uric  acid  by  urMiivj  theae  bodies  to  an  cxtTact  of  apleen 
or  hver  and  bubbling  air  thiough  the  mixture  at  a  temperature 
of  oO°  C  Extracts  of  other  organs,  such  aa  kidneys,  thymus,  and 
pancrcae  coidd  not  affect  thia  oxidation  to  anything  like  the 
same  extent  as  could  those  of  the  liver  and  apleen. 

Burian  ('**]  has  recently  continued  Spitzer'a  work  on  the  con- 
vemon  of  xanthin  and  hypoianthin  into  uric  acid  by  the  hver. 
By  macerating  the  minced  liver  of  the  ox  with  ice-cold  chloroform 
water  this  worker  has  been  able  to  prepare  an  extract,  containing 
only  traces  of  nucleo-proteids  and  purin  bodies,  but  posaeasing 
quite  a  marked  power  of  oxidising  xanthin  and  hypoxanthin 
into  uiic  acid  when  these  bodies  are  added  to  the  extract,  and 
the  whole  incubated  at  body  temperature  in  the  preeence  of  an 
excess  of  oxj'gen.  He  has  been  able  to  show  that  this  action 
Is  due  to  an  oxidising  ferment— j^an/Ajrt-ojyia^e— which  itaelf  does 
not  become  used  up  during  its  action,  and  which  does  not  show 
any  reveraible  action  {i.e.  cannot  reduce  uric  acid  to  xanthin 
boacs)- 

Xanthin-oxydaae  cannot,  however,  convert  gnanin  and  adenin 
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— the  amido-piirina  which  exist  in  auclem—directlj  into  uric 
ftciii ;  and  yet,  as  we  have  aeen  obove.  nuclein  undoubtedly 
is  an  important  mother  aubstarce  cf  uric  acid  in  e^tractfl 
nf  spleen  and  liver.  It  will  be  remembered  that  guanin  is 
ftiuido-santhin  and  adenin  amidtj-hypoxanthin — that  la  to  Hay, 
that  by  the  removal  of  an  aniido  group  (NH^)  the  translorma- 
tion  into  the  corresponding  oiy-purin  would  occur.  Jonee  ("J 
and  liie  co-workers  and  others  have  shown  that  the  spleen  and 
liver  of  osen  posses*  another  ferment — yuainxtte  or  (.rtle^iiu^e  — 
whii^h  eltecte  this  reiiioval  of  the  amido  group. 

The  process  of  uric  acid  fcrination  from  nuclein  entails,  there- 
fore, iirat  of  all  a  decomposition  of  the  nuclein  whereby,  among 
other  things,  amido-pniinH  are  produced;  a  denitrificBtion  of  these 
amido-puriiis  by  guanHse  {and  adenase) ;  and  then  an  oxidation  of 
the  reaiiltiiig  oxy-pmins  into  uiiu  iuAd  by  nieaus  of  xaii  thin -oxydase. 

These  laboratory  experiments  undoubtedly  prove  that  oxy- 
psti'Uin  can  he  derived  f-r*>rfi  ao'ine  if-roitp prcsf'^it  in  vucl'i'iv. 

With  regard  to  the  evidence  that  feeding  with  nuclein  influences 
the  amount  of  urinary  pnrina,  Horbaciewski  added  o  grm,  of 
nucleiii  prepared  from  spleen  pulp  to  tlie  diet  of  a  m<iii  and 
found  an  increase  of  C-:28  grm.  in  the  urbary  uric  acid.  Various 
obaerverfl  coniirmed  Horhacaewaki  in  this  result,  and  showed  further 
that  all  ii  iicUin  cottUiinint^  food-stu^'it  itifiiteni.'*^  the  -ui^ic  ucid 
tLtcrntion  acco-rding  to  Oie  aTnouTit  and  'naturr  of  the  nuolein 
which  ihey  contacted. ^ 

In  connection  with  the  effect  of  nuclein  feeding,  our  next 
inquiry  ia  ivkethei*  or  -^ot  the.  purin  mihetaii^ea  which  the  niicUin 
wvfaitis  cav,  u-fien  given  in  aw  wncovibined  ^afe  in  the  diet, 
i'tiji ii-entx'  the  pit/rln  fjcct^iioti  in  tltr  saTiw  jxvii/  oh  iiuvfe-iTi  itsflf 
do^^f  The  chemical  structure  of  nuclein  is  demonstrated  by  the 
following  flchemc:^ 

■  TbeH  roaearclies  u^Dcemed  Blinoii  without  Gxcepiion  the  nrfc  idd  eic»- 
tiun  ;  ibe  colnctdent  liehavlour  t-f  :be  oLlwr  iirlnarj  pnriBp  »:ih  iiol,  for  waoi  of 
reLlab^«  methoils,  ct^rl;  cleraoDiEraifd,  liotbacKen'».ki  expLnmed  ibe  tflinltA 
whi«b  (alloned  niK^lein  Feeding  b_T  aEippoatrg  iLi^t  an  eicfr-Eivti  dc-ntruDLion  of 
IsLicacytflH  was  productrl,  iLnd  tbjLi  II  vai^  Tjoiu  ilie  kibomted  nuclein  oF  iheEfi 
bod  Dot  from  I  be  nudoiD  iiigcttod,  that  lbs  uHc  acid  via  derivL-d^  That  suet  pn 
cjjpljhnalian  dohM  aot  hold  waa^hcvn  br  Wciiiirnud  |^],  T<hu  fuuDd  ibfit  a  tbjintis 
diet  did  not  cause  anj  groafar  ui  iocrerue  ia  tbe  number  of  Irucoojtcfi  it\  tliv 
bluad  Lbaa  iiii  urdjudrj  d[eL  did,  bui.  nevcrtbekfs,  lucreeeetl  Lbe  uric  add 
excreLiuQ  Lir  a  u]u<;h  gr^Kter  exttintr    Wtintraiid  Lhereroi'D  concluded  tbit  tbe 
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Nude  in, 


Albumin. 


Nucleic  acid. 


Carbohydrate  (?),    Phosphoric  acid,    Amido'pimnflH 

The  amido- purine  contained  in  nucleic  acids  of  diffecent  sources 
(prepared  from  diflerent  nuclein)  vary  in  their  nature.  The 
nucleic  acid  of  the  thymus  contains  mainly  adenin>  that  of 
the  pancreas  guanin  alone,  and  that  of  a  salmon  apcrm  both 
guanin  and  adcnin^  The  amount  and  nature  of  carbobydrate  in 
the  molecule  also  varies  considerably. 

Knowing,  then,  that  niiclein  CA^nta™  amklo-pann  bodies  in 
ita  molecule,  we  niight  naturally  assume  that  feeding  with  these 
puiina  in  a  pure  state  {i.£.  with  gnanin  and  adenin]  would  iudtience 
the  purin  escretion  juat  as  nuclein  itself  does.  This  \&.  howove^^ 
not  the  case,  neither  adenin  nor  guanin  having  much  effect  on 
the  purin  excretion,  at  least  in  dogs,  and,  m  man,  so  far  as  they 
have  been  bricdr  only  having  a  doubtful  effect. 

The  last  group  ct  food-stuffs  which  contain  purin  bodies  are 
such  substances  as  thein,  caffein,  and  theobromine,  which  it  will 
be  remembered  are  methyl-punns.  Theae  do  not  raise  the  ex- 
cretion of  uric  acid,  when  they  are  given  in  the  food,  but,  as  we 
shall  aee  later,  they  do  raise  that  of  the  purin  bases. 

So  far,  then,  we  have  fairl}'  answered  our  firet  question.  We 
have  seen  that  exogenous  urinary  purins  may  be  derived  from 
certain  free  Tmdhin  husen,  hiU  iwt  /rom  all,  and  from  niivleinji.  No 
other  nitrogenous  food-atufi  in  any  way  inSncnces  the  amount 
of  the  urinary  purins.  We  see  why  it  is  that  the  urea  and  purin 
excretions  cannot  be  expected  to  run  parallel,  for,  by  feeding 
with  purin-free  nitrogenous  food  in  varying  amount,  the  urea  can 
be  made  to  swing  np  and  down  at  w!U,  the  uric  acid  remaining* 
meanwhile,  ahsoiutely  stationary.'  These  facts  show  us  how 
hopeless  it  was  in  the  older  researcUes  to  try  and  strike  a 
constant  average  for  the  normal  purin  excretion  of  man  ;  and  they 

^  For  exaoipla*  Hc»  nnd  Sobmoll  (*\  foaad.  no  la^renfle  In  the  urinnrr  (jurEna 
bj  addiDif  twcDLij-foLir  c^S*  ^°  ^  £ied  diet,  alihougb  ilie  urea  dcrciioo  idba 
caarJuouBlj, 
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explain  why  some  obecrvera  believed  tbe  parin  escretioo  to  depend 
on  the  diet  whilst  othera  deoioJ  any  connection  between  tbe  two. 

Our  next  question,  what  proportion  of  invested  purb  re- 
appeara  aa  aucb  in  the  urine  ?  t^Annot  be  answered  until  we  bave 
become  acquainttd  witb  a  method  for  estimating  the  endogenous 
moiety  (that  portion  of  the  purina  derived  from  tbe  tiasuea),  and 
it  is  with  this  problem  that  we  will  oonccm  ourselves  cow. 


The  Determination-  Axn  Fitndamhstaih  Characteristics 

OF  THE    ENDOflENOira    Pl'RIX  ExCItETlUX 

IE  the  daily  purin  excretion  be  determined  during  starvation, 
it  will  be  found  to  fall  gradually  during  the  first  few  days,  and 
then  to  gain  a  level  at  which  it  remains  praotioaUy  conatatit.  The 
gradually  lesaening  excielion  during  the  first  few  days  is  no  doubt 
due  to  eiogenotia  purins  being  drained  out  of  the  system,  and  the 
constant  level  afterwards  attained  must  mean  that  all  this  store 
of  exogonoua  puriua  ia  exhausts,  and  that  tbe  tisauea  are  them- 
eelvca  furnishing  purins.  Ia  thb  starvation  excretion,  then,  not 
an  accurate  measure  of  endogenous  purin  ?  Probablr  not,  for 
stanation  is  no  normal  state,  there  being,  during  it,  a  greater 
break-down  of  the  tissues,  amongst  others  of  imiacle,  than  in  health, 
and,  consequently,  au  abnormal  bberation  of  puriaa.  To  measure 
the  endogenous  moiety,  tboreforei  we  must  disturb  tho  general 
metabolism  as  little  as  possible  ;  we  must  estimate  tbe  purin  excre- 
tion whilst  the  organiBm  is  li^niig  on  a  diet  containing  an  adequate 
amount  of  nitrogen  anJ  a  sufficient  number  of  caloriea  to  mftintaiu 
the  tiasues,  but  no  purin  bodiea,  la  such  a  diet  obtainable  I  Con- 
fiidorinp  analytical  data  alone,  tho  only  food-atuffs  which  contain 
absolutely  no  trace  of  purins  are  carbohydrates,  pure  fata  and  eggs. 
There  are  other  food-stuff?*,  however,  which  eontain  only  minutp 
traces  of  purin  bodies  (milk,  0-004-"00G  per  ceut.  ;  potatoes, 
0'0005~'OCOii  per  cent, ;  white  breed,  minutest  traces),  and  aince 
Burian  and  SchurC)  have  shown  that  these  latter  foods  do  not 
have  any  appreciable  influence  on  the  urinary  purins,  we  may,  for 
all  practical  purposes,  consider  them  also  as  purin-free  fuod- 
stuffs. 

The  following  experiment  by  Burian  and  Schur(']  will  make 
clear  fioiu  tiit  eiuifigrnoui  7'toutif  of  puriti  t.rctction  ina^  ht  measiirett^ 
The   experiment  was   divided   ijito  four  periods.    During  tbeae 
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periods  the  following  diets  were  taken  :  Period  I. — A  diet  of 
250  grm.  beef,  and  120  grm.  ham,  irith  potatoes,  bread,  cheese, 
butter,  &c. — total  nitrogen,  16-8  grm.  Period  II. — Instead  of  fleeh, 
ten  eggs  and  a  litre  of  milk  were  taken;  the  other  coastituents 
were  the  same  as  m  Period  I-,  the  quantities  being  slightly  varied. 
This  diet  contained  no  purin-yielt^ng  food — total  nitrogen,  16"S 
grm.  period  III. — The  diet  contained  the  same  substances  as  that 
of  Period  II.,  only  much  less  milk  and  eggs,  so  that  the  total 
nitrogen  content  was  9-3  grm.  Rice  was  added  to  bring  the  calories 
to  the  same  level  as  in  Period  II.  Period  IV. — A  purely  vege- 
table diet  {500  gnn.  potatoes,  100  grm.  rice,  bread,  butter,  and 
sugar),  containing  the  same  amount  of  nitrogen  as  Period  III. 

For  convenience  we  may  describe  these  diets  as  follows  : — 

Period  I. — Meat  diet  of  high  nitrogen  content. 

Period  II. — Milk,  cheese^  and  egg  diet,  of  equaUy  high  nitrogen 
content. 

Period  III.— Milk,  cheese,  and  egg  diet,  of  low  nitrogen  content. 

Period  IV. — Vegetable  diet  of  equally  low  nitrogen  content. 

Each  of  these  periods  lasted  four  days,  and  during  them  the 
total  nitrogen  and  total  purin  excretions  were  measured.  The 
following  table  shows  the  results. 

Table    I 


Period. 


11. 


in. 


IV, 


Nfttorv  or  DI«L 


Mixed  diet  with  large  amount 
of  ficah 


Fleah-froe  diet,  with  large 
amouDt  of  milk,  eggs  ami 
cheeae 

Diet  fliiiiilar  to  IL,  but  with 
portion  of  milk,  ej-Rp  niid 
diL'i^se  repliiced  Ity  rici: 


VtRetahk     diet    v^Jtl]     eame  J 
amount  of  nitrogen  as  IJl.    J 


Mtrofffln  o( 
Diet 


Orni. 
16-2 


MtroffVn  i>f 
Urlna  mnd 


Grm. 
16-43 

16-85 

16'67 

16'59 
15-36 
10'13 
10-02 

1094 

!*9l 
0  07 

a-04 

y-ae 

0'23 
913 


NLtTDgvnof 

PurlDB  ar- 

CTBtod  In 

Urine. 


0-3463 
0-3411 
0-3382 
0-3390 

0-2112 
0-2076 
01994 
0-1997 

0-2072 

0-20.'ie 
01971 

0-1973 
02044 
0-2082 
0-1981 


^Q 
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It  will  be  noticed  that  there  was  no  a(jpreciable  change  m  the 
nitrogen  excretion  between  the  first  and  aecond  period*.  Between 
the  second  and  third  periods  there  was.  of  course^  a  temporary 
diaturbanoc  lasting  for  three  daya,  more  nitrogen  being  excreted 
than  administered,  but  by  the  fourth  day  equilibrium  had  again 
been  attained,  and  on  changing  to  the  vegetable  diet  [fourth 
period!  no  further  dieturbance  occurred.  The  neceaaary  con- 
ditioua  for  a  rational  measurement  o£  the  endogenoua  punns  were 
thuH  obtained  in  Period  II.,  there  being  here  no  diBturhance  in 
metaboliflni- 

Turnifig  now  to  the  e.rcrtfiuit  uf  /mrivH  during  these  (our 
periods,  and  tabing  For  this  purpose  the  average  of  the  last  three 
days  of  each  period  (since  during  the  firat  day  the  previous  diet 
will  still  have  qd  iniluence  on  the  urine),  wo  obtain  the  following 
values: — 

Period  1.,  total  purin  nitrogen,  0  339  grmn 

>.     IL 0-202    „ 

M   m., 0-203    ,. 

„    IV.,     „        .  ,,  0-203    ,, 

The  endogenous  raoiety  here  is  obvioualy  0-20'2  grm.  purin 
nitrogen ;  and  the  exogenous  moiety  durijig  the  firat  period 
0'I?»7griii-  purin  nitrogen.  The  endogenond  inoictyt  it  will  he  seen, 
is  miivjlirciitvd  hy  fhe  nature  uvd  aTnomtt  of  the  dUi^prorided 
always  tluU  Ihia  is  pii-rin-frre  and  is  siiflicient  in  amount,  and 
of  proper  composition  to  prevent  starvation,  Chemical  analysis 
haa  already  shown  ns  that  the  food-atuffs  given  in  the  last  three 
periods  of  this  experiment  are  practically  purin-free,  and  now  we 
have  the  proof  that  from  the  physiological  point  of  view  they 
may  be  considered  entirely  so,  for  did  the  food-stulls  during  these 
ppriodfl  contain  any  appreciable  amount  of  purin,  there  obviously 
would  have  been  variations  in  the  amount  of  purins  excreted 
between  Periods  It.  and  HI.  and  Periods  III,  and  IV, 

These  fiudingB  of  Burian  and  Schur  were  almost  simultane- 
ouflly  confitmed  by  fliven,  in  whose  experiments  longer  periods  ol 
time  were  allowed  and  greater  variations  in  nitrogen  intake  brought 
about,  and  still  with  the  same  constancy  in  endogenoua  purin 
excretion. 

In  a  series  of  very  eomplete  metabolism  observailons  on  inen^ 

intly  recorded  by  Folia,  it  has  been  noted,  among  other  things, 
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that  tHis  con§tancy  in  tJie  amount  of  etidogenoua  uric  add  on 
changing  from  a  purm-free  diet  of  liigh  nitrogen  value — fggs 
and  cream — to  one  of  low  nitrogen  value — atarcU  and  cream — 
is  not  so  marked  as  Burian  and  Sehur  state  \t\  to  bo.  In 
Heveral  of  the  investigation b  recorded  by  Folin,  the  change  in 
enrfogeiious  urin  arid  following  the  Hiange  of  diet  was  indeed 
very  alight,  but  in  two  cases  it  was  quite  marked.  This  worker, 
while  ftRccpting  in  genera!  Uurian  and  Schur^a  contention,  would. 
therelore,  not  consider  it  as  infallible.  h\  othut  ob^rvationa 
recorded  by  Foiin,  it  wae  noted  that  on  changing  from  a  pure 
Btanih  diet  to  one  of  potatoe.H  a  very  diatintt  increaso  in  the 
endogenous  uric  acid  excretion  occurred.  This  would  seem  to 
eho^  that  thd  amount  of  piirina  in  potatoes,  though  quanti- 
tatively email,  ia  yet  auBicicnt  to  influence  the  exogenous 
excretion, 

Burian  and  Schur  have  collected  together  from  the  literature 
a  [^oiiaiderabla  number  of  eatimations  of  the  endogenous  purin 
excretions  by  thia  direct  method,  and  bave  fonnd  that  it  nujif  vanj 
ccneiderc^lif  in  different  individuals.  Taking  all  the  results  hitherto 
obtained,  Burian  and  Schur  give  the  following  figures : — 

0'1  2  gnn.  poriD  nitrogen  as  lowest  endogorvjus  qaotient  (4  casej«). 
O'lG     „         M  „  ,,  „  ,1        (IC  caacfi). 

0"20     „         „  „  „  I,  „       {4^ftaes). 

These  "  levels "  do  not  depend  on  any  Imown  physiological 
condition  of  the  individual.  Walker  Hall  0'*)  has  tried  to  show 
that  body  weight  and  endogenous  puiin  excretion  run  parallel, 
but,  even  from  hia  tables  can  no  simple  relation  bo  seen. 
It  ia  possible,  however,  that  it  may  depend  on  muBcle  weight, 
for,  aa  we  shall  see  later,  nmch  of  the  endogenous  rnoiety  pro- 
bably CO Luea  from  the  muaclea.  Not  does  the  average  dail^ 
level  bear  any  relation  to  the  amount  of  work  which  ia  per- 
iormed,  provided  thia  be  licithec  too  excessive  nor  too  slight- 
We  have  already  seen  it  to  be  uninfluenced  by  the  diet,  pro- 
vided this  he  purin-free  and  sufficient  In  amount  to  prevent 
atarvaticin.^ 


*  Itafauukl.  IiowcilTh  bcpointt'd  uutiuthla  coDnflcbian  IbatthepDriat^ujrDdDD 
\s  tiGE  to  large  in  cQuipleta  KTArvHt^on  an  wbeu  piolttida  ■lono  >ro  witblidd  la  Lhe 
diet, 
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That  the  excretion  of  endogenous  purma  is  variable  for  dif- 
ferent ID  dividual  3,  Ima  been  accept-ed  by  inost  of  the  modern 
workers,  but  ia  denied  by  Loewi  ('*'  ^-  ^^].  Ilia  conclusions  are 
baaed  nLainly  on  obsorvations  on  three  persona  who  were  of  about 
the  aanie  age,  s.i\d  ea.ch  of  whom  received  the  snme  mixed  diet. 
The  uric  acid  excretion  in  the  three  persona  waa  the  samej  and 
from  this  Loevri  concludes  that  nimikrty  fed  men  in  similar 
conditions  of  loetabolbm  excrete  the  same  amount  of  uric  acid, 
and  that  this  latter  lb  dependent  on  the  food  nlonc,  and  does 
not  show  any  difference  due  to  individuality.  It  must  he  evi- 
dent, however,  that,  it  by  no  means  disproves  Burian  and 
Schiir*a  statement,  that  Loewi  alioiild  have  bap|wiied  to  observe 
ihiee  persons  excreting,  on  the  same  diet*  the  aame  amount 
of  uric  acid,  la  the  collected  cases,  which  we  have  given 
above,  ten  out  of  eighteen  had  the  same  endogenous  purin 
excretion,  ami  if  to  any  three  of  these  ten  per^na  the  same 
amount  and  kind  of  purin  were  given  in  the  food,  their  total 
parin  excretion  would  be  the  same,  for,  as  we  sLall  see  later, 
exogenous  purina  reappear  in  the  urine  to  the  same  extent  in  all 
individuals. 

Loewi  states  further  that  it  ia  incorrect  to  try  and  measure 
the  endogenous  uric  acid  on  a  [lurin-frpe  diet,  because  the 
tissues,  in  such  a  case,  will  be  starved  of  nucleiUt  and  will^ 
consequently,  not  destroy  so  much  of  it  aa  they  would 
were  an  adequate  supply  furnished  them  from  without.  This 
presupposes,  of  course,  that  tissue  niiclein  h  regenerated  from 
food  nuclein,  and,  in  Buch  a  caae,  Loewi's  argument  would  be 
correct  enough:  Burifto*s  endogenouFi  purins  would  represent  a 
etarvation  amount,  and  on  giving  nuclein  in  the  food  the 
first  thing  to  happen  would  be  that  the  starving  tissues 
appropriated  some,  at  least,  of  the  nucleiJi  for  reconstnii^tion, 
and  the  endogenoua  factor  would  fall.  Loewl^a  contention  is, 
however,  absolutely  groundless,  for  tissue  nuclein  is  not  built 
up  out  of  food  nuokin,  but  out  of  a  nuclein-free  substance, 
even  when  nuclein  rich  food-atufffi  are  alao  present  tEurian  and 
8chur|. 

Although  variable  for  different  individual,  Uu:  tiuiofjf-juius 
pv-rin  f^rrfiiifn  svniis  t^  Ife  lonxtiuU  /or  anif  one  pn-son,  ftrotuird  !ie 
he  living  nnd*:^  the  sajnc  ph i/aiolorjicfff  conditions.  Even  a  consider- 
able  disturbance   oE    nilrogeu  equilibrium   appears   to  have    qo 
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influence  on  the  amonnt ;  if,  however,  there  be  a  fundamental 
change  in  the  mode  of  life,  if  there  be  a  maoh  higher  <^  lower 
caloric  exchange  in  the  idsBuea,  then  will  there  be  a  variable 
endogenous  excretion.  After  excesaiTe  muBCuUi  work  there  alao 
occurs  a  temporary  rise.  That  the  endc^^ous  quotient  remaina 
constant  under  ein^lar  conditions  ia  demonstrated  in  the  following 
table  :— 

Tasli    II 


■Bd  InvatlEiMr. 

natfl. 

SibdanBOB 

Pofln  BlCnian 

inOrm. 

B'>ri«i|S;?SS^%d,.r, 

July  1899 

OiWW 

11 

May  1899 

0-199 

ff 

November  1899 

0-aoo 

tt 

December  1900 

0199 
Diie  Aeld. 

A  <RaordBd  by  fiockwood) 

December,  Javximry  1903 

o<3oe 

II 

JftDoary,  February  1903 

0-300      ■ 

n 

March  1903 

0-310 

H 

May  1903 

0-321 

,1 

July  1903 

0-313 

11 

Kovember  1903 

0'i9S 

C  (ncort  vd  bj  Sodhwood) 

January  1903 

0-478 

It 

March  1903 

0-45S 

In  these  obseiratioiu  by  ttookwood  tbe  dM,  altbougb  porin-free, 
TAried  cooaldenblj  la  componitioD  at  the  dlfFerent  perloda. 


Having  desciibed  how  the  endogenous  quotient  may  be  diiedly 
detennined,  and  the  fundamental  characteristics  of  this  portion 
of  purin  excretion^  we  are  now  in  a  position  to  consider  what 
proportitm  of  the  puHn  adminidered  in  the  food,  i.e.  eiecyenouSt 
reappears  as  such  in  tJie  urine,  and  whether  this  portion  which  re* 
appears  variee  u-Uh  the  Jcind  of  purin  admini^ered  f 

As  has  been  shown  above,  food-Btu&  which  contain  purin 
bodies  in  greatest  amount^  are  the  cellular  tissues  (glands)  and 
the  muscles.  These  tissiies  contain  their  purin  bodies  partly 
in  a  free  state  (xanthin  and  hypoxanthin  in  muscle)  and  partly 
combined  in  nuclein.  It  will  be  remembered^  however  (see 
p,  399)j  that  free  a<Jenin  and  guanin  seem  to  exercise  a  dif- 
ferent inBuence  on  the  purin  excretion  according  to  whether 
they  are  given  free  or  built  up  into  the  nuclein  molecule.      In 
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Bstimftting  the  putia  contents  of  an  orflan  it  is  oE  importance, 
tlitrrelore,  t^  Hetfrmine  iiidvperiiJenLly  ih^  niiiiJ'iiird  and  the  /fff 
piirins.  It  would  be  beyond  the  scope  uf  thb  article  to  describe 
ih*i  methodfl  u8sd  for  thcac  eatJmationa  ;  the  details  are  full/  giv^n, 
and  the  accuracy  of  the  methods  proven,  in  a  recent  paper  by 
Burian  aad  Walker  Hall('-).  Of  importauce  for  our  purpoaa. 
however,  are  the  resulta  obtained  for  different  anJitial  food-atuffa. 
Thcae  are  given  in  the  following  table. 

Tjiblr    III 
100  Orm.  Flesh  StLlatmu-e  eitnt/tin : — 


Orgu. 


Fksh 

Tliymuft  (if  calf. 
Livet  of  I'/ilf 

SplotTl  of  Cfllf      . 
Paiir.riiflg  of  pig, 

pjincreas  of  oi  , 


ToUl 

Ttre 

E1Ul!lD|[| 

FurinN. 

PurinZJ, 

PuHdN. 

Otm. 

thni. 

Gm. 

0-OS 

0-045 

0-016 

0'4B 

O'OS 

0-40 

0-IS 

— 

— 

OH* 



— 

Q-iaa 

— 

— ^ 

0'lfl3 

— 

— 

ElmlurPurliL 


Xanlhin  iknd 
Hypox^inlhiii 
Ariel  litL 


Giuuiin 


Only  in  the  ease  of  flej^h  and  thymus  gland  \s  the  proportion 
of  free  to  nuclein  purios  given.  It  will  be  noticed  that  in  flesh 
most  of  the  purin  is  pieeent  in  a  free  state  aa  xanthin  and 
hypoxanthin,  whereas  in  thymua  m03t  of  it  (adonin)  is  combined. 
The  methyl-piinnn  represented  by  the  alkaloida  caffein,  thein, 
and  theobromine  nmst  also  be  reckoned  as  purin-cont^niiig  food- 
atuffa. 

As  already  pointed  out,  in  estimating  the  purins  in  the  urine, 
a  distinction  has  to  be  msde  between  the  completely  oxidised 
purin  uric  acid,  and  the  lesa  completely  oxidised  basic  bodies 
jcanthln  and  bypoxanthin.  This  is  nBcessary,  aa  it  is,  on  a  jwiwi 
groands,  improbable  that  the  three  groups  of  purina,  the  oxy- 
purina  [xanthm  and  hypoxanthin),  the  amido-purina  (adenin  ^wd 
guaoin),  and  the  methyl-purins  (caffein,  &e,),  will  all  iindei^ 
the  same  chatigea  In  the  organism  and  he  ex^.'Teted  in  the 
urine  in  the  same  form.  To  convert  the  oxy-purins  into  uric 
acid,  oxidation  alone  has  to  occur,  but  before  ovtdation  of  the 
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others  can  take  place  a  preliminftry  disruption,  of  Cllj  in  tie 
case  of  methyl -purina,  and  of  NH^  in  tlie  case  of  anudo-purina, 
Laa  to  ticrur. 

Confining  our  conaiflerBitioiLa  for  the  present  to  mnn,  it  will  be 
seen  that  for  tile  purpose  of  our  experiment  it  ia  uniieceaaary  to 
determine  the  endogenous  excretion-  All  that  is  neceaaary  is  to 
keep  him  on  a  constant  diet,  and,  wlien  the  purin  excretion  is  con- 
stant, to  adminiaDer  a  carefully  wfiighed  amount  of  the  pnrin,  or 
purin  containing  food-stufT  under  invefltigatinn.  As  a  result  of  iu- 
veatigatione  on  this  plan  it  has  been  found  that  of  hypoxanikin 
given  with  the  food,  onc-half  of  that  adminifitcrcd  rcappeare  in  the 
urine  as  uric  acid.  The  sarae  result  is  obtained  if  fleah,  liver,  or 
spleen  be  ^ven,  for,  aa  our  table  fihows,  these  contain  mainly  hypo- 
santhin.  Thus  in  an  ciperiment  of  Btiriau  and  Schur'a  100  grm, 
of  meat  (containing  therefore  0"D6  grm,  purin  nitrogen)  caused  an 
increase  of  003  grm.  in  the  purin  nitrogen  content  of  the  urina: 
100  grm.  calTa  liver  {containing  012  grm.  purin  nitrogen)  caused  an 
increase  of  OOC  grm.,  and  IflO  grm.  calfs  spleen  {containing  Olti 
grm.  purin  nitrogen)  an  increase  of  008  grm.  In  all  tliese  caaea  it 
was  uric  acid  which  was  increased,  and  the  increase  was  present 
for  two  or  three  days  succeeding  the  day  on  which  the  puiin  waa 
given. 

Talcing  the  miuiiu'purifLfi  neTct.  It  haa  already  been  pointed 
out  (p.  3^9)  that  adenin  and  guanic,  the  puiiD  bodies  present 
in  nuciein,  when  added  in  a  pure  atate  to  the  diet  do  not 
cause  any  change  in  the  uric  acid  excretion.  This  does  not 
mean  that  the  purin  excretion  is  unaSected,  for  it  has  been 
found  a  certain  amount  of  theae  purins — of  guanin  at  least — 
reappeara  unchaiigeil  in  the  urine-  It  passes  through  the 
organism  intact.  When  presented  in  a  combined  state  as 
nuciein,  howeverj  quite  another  result  ia  obtained:  there  ia  a 
distinct  increase  in  the  uric  acid  excretion.  Thus  100  grm.  of  the 
thymus  of  the  calf  (containing  0'40  grm.  nuclein-purin  nitrogen) 
gave  an  increase  of  O'lO  grm.  urinary  purin  nitrogen,  the  increase 
being  in  uric  acid.  In  the  case  of  the  fndJti/f-piD^ins,  100  grm. 
co5ee  containing  0'20-0"22  caffeio  nitrogen  yielded  0-075  gtm. 
purin  nitrogen. 

To  Bum  up,  then — aloiU  one-Ao//  of  kypoxanUiiii-^  riapptars 
tn  ih€  ttriae  lu  «rw  add,  abottt  onc-fourlk  of  nudtin  j^irin-N, 
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also   as    uric   acid,   and   of  caffkin-li,    about   Gnt'third    as    lasia 

Tiic  ajjioujU  of  this  cjvgcrwv^  nrivury  pifHri.  rrmains  constant 
for  arty  fjiven  dietetic  parinf  and — a  very  important  fact^T?  w  t7te 
samt  in  nil  indv^dttah  I'J  (he  $at}it  sj^wa.  {To  obviatte  siiltseqaent 
confusion,  it  may  cot  be  out  of  place  to  mention  liere  thjtt, 
althoiigL  cDR^^tunt  for  all  !ndividu&L4  i^f  the  same  species,  !t  varies 
enormouflly  for  dificrcnt  speciea-  Fcr  example,  aa  we  have  seen 
above,  of  hypoxanthia  man  re-cxcretes  one-half  as  imc  acidf  a 
dcg  on  th€  ottier  baad  cxcietea  only  one -twentieth..)  Burian  and 
Schur  htive  collected  together  a  large  number  of  experiment^fi, 
in  which  hypoxanthin  and  hypcxanbhin-contdmng  organs  were 
fed  to  different  individuals,  and  have  ehown  that  the  varia- 
tions in  the  percentage  of  puiin  wliich  posaes  into  the  urine 
liea  between  63-2  per  cent,  as  a  maximum,  and  4G"2  per  cent. 
a9  a  minimum.  These  diiTerences  are  probably  due  to  eirors 
in  eatimalion  and  ttclmique,  tha  most  carefully  (conducted  eHtima- 
tions  lying  near  oO  per  cenl^ 

W©  have  Been  so  far:  (1)  that,  by  pkdng  a  pcTBou  on  a 
pniin-free  diet,  the  endogenous  moiety  of  urinary  purins  can  be 
directly  estimated;  (2)  that  any  given  purin  body,  when  given 
in  the  food,  raises  the  purin  ejtcrelinn  always  to  the  same 
extent;  (^|  that  the  exogenous  moiety  depends  aokly  on  the 
ohemical  nature  of  the  purin  given  in  the  food,  Fromtht'^e  facts 
it  follows,  then,  that  the  endcgeiioMs  vioiety  can  he  cith-vJated  in- 
dirrHltj.  To  do  this  we  must  knew  the  exact  amount  of  puiin- 
containing  food  ingested  and  the  nature  of  the  purins  which  it 
containa-  By  deducting  from  the  total  purin  excretion  the 
amount  of  puiin  wlileh  we  know —  by  applymg  the  reaulte  detailed 
above— must  have  been  derived  from  the  food,  we  obtain  the 
endogenous  purin  excretion.  The  acourncy  of  this  method  can» 
of  course^  very  easily  be  put  to  the  test-  A  person  ia  placed  QRi 
a  diet  containing  an  accurately  known  amount  of  punna;  after 
a  few  days  on  this  diet,  the  purina  are  removed  and  a  puriii' 
free  diet  ia  given.  By  subtracting  from  the  purin  eicretion 
of  tlie  Erst  period  the  amount  of  exDgenous  purins  whit^  it 
ought  to  yield,  a  product  is  obtained  which  should  be  identical 
with  the  directly  estimated  endogenous  moiety  of  the  second 
period.  Is  this  the  ease  ^  A  table  arranged  on  this  plan,  and 
implied   from  various    sources,   by    Burian   and    Schur,   showa 
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tliAt  it  is.    It  nifty  be  of  iateiest  to  give  tiua  table  in  its  entirety 
bere. 

Tablk   IV 

Orvi,  of  Uric  Add-'S  or  total  Purin-'S  txcretsdper  Diem,^ 


A. 
Oopnrlo- 

zlADM. 

a 

PnilDwUdi 
t^NMDlA 
OHidjiBM. 

a 

Ob  PbriD-rm 
l>iM  tDlrtot 

balwwiA-B 
V3m^ 

ObHcm^ 

0-339 
0-S44 

o-s&s 

*0-S63 

*0-?30 
♦O-ISB 
•OfiOB 

*0'a44 

0-133 
0K)9L 
OiW) 

0-069 

0-064 
0-D4;> 

0-060 
0-064 

O-OTS 

0-S03 
0-1^3 

0-1^5 

0-214 

0-14! 

0173 

0-1G8 

o-soc 

0-153 
0-163 

0-SL4 

0-146 

0-147 
0-14B 
O'leO 

0-164 

y  Buriui  and  Scbur 

5  Hctringbtm, 

}  Daviea  and  Grora 

>Lo«wi 

Krtiger  Aod 

HrTimidt  (*) 

In  oth^r  TruvmTnaU  than  man,  tbe  proportdon  of  ingested  pniin 
which  reappeaiB  in  the  mine  may  vaiy  conmderably.  For  example, 
in  dogfl  the  punn  excretion  is  much  less  proportionally,  for  about 
ten  tJmea  as  much  pnrin  disappears  in  its  passage  through  the 
organiam  in  the  case  of  this  animal  as  in  the  case  of  man ; 
in  rabbits  thre«  times  as  much  disappears.  Indeed,  we  have 
every  reason  to  believe  that  the  amount  which  disappean,  and 
therefore  the  amount  which  passes  into  the  urine,  is  not  the  same 
for  any  two  groups  of  animals,  although  it  is  probable  that  ctoeely 
related  animab  (cat  and  dog)  excrete  about  the  same  fraction. 

We  are  now  in  a  position  to  consider  whether  or  not  the  purin 
bodies  pj'odvced  in  the  tissues  themselves  (from  nuclein  break-down 
and  from  the  muscles)  hehave  according  to  the  same  laws  whick 
govern  those  of  exogenous  origin.  In  other  words,  does  the  amount 
of  endogenous  purin  excreted  in  the  urine  bear  the  same  relation 
to  the  amount  of  purin  produced  in  the  tissues,  as  the  exogenous 
purins  in  the  urine  bear  to  the  purin  of  the  food  ? 

In  answering  this  question,  we  must  first  of  all  see  whether 

'  Tbo<e  marked  *  ore  calculated  as  nrio  aold-lif. 
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the  increase  in  the  purin  excretion  which  fellows  piirin  JngBstion 
leally  is  due  U>  some  of  llie  ]ugt!HU!(]  purin  reappt^ariag  in  the 
urine,  or  whether  it  may  not  be  the  rcault  oE  a  stimJating 
effect  which  exogenous  piirins  might  conceivably  huva  on  the  pro- 
duction of  purina  in  the  tiflsnea — in  other  wcrda,  on  the  endogenouB 
proUuftion  of  purine.  The  fomier  explanation  ia  made  probable 
by  the  fact  that  in  doga  the  Hubcutacieous  iQJf^ction  of  a  aolntioa 
of  uric  acid  and  Feeding  with  thymus  gland  or  with  hypoxaathin, 
all  increaae  the  purin  excretion  to  about  the  same  e.^tect.'-  Tha 
following  table  demonstrates  thij: — 


Tadle    V 


Avei^ge  puriu-N  in  di^a  \ 
uritie  tm  an  endogtitiime  V 
diet  ) 

Irjcreflse  of  pnrin-^  after) 
feeding  with  0-4  grm,  y 
puciu-^  JtL  tliymua  ) 


001 6€  grnu 


ODlSTgrm.  =3*9  %  of  the  pallia  admmifitftred. 


lni:red9e  \a  purln-N  after  )  I 
Buhcutaiieoufily  Lnjccdug  M  0*0100  griu,  =  4 
0-4  grill,  uric  acir^-jV  ( 


InnTeoBo  in  ]HLrin-jV  nfter 
ftedinjji  with  04  gmi, 
hypoMaiithin-AT 


0-0185  gmi.  =  1-6 


In  man,  too,  the  addition  of  hypoxanthin  to  the  diet  rataes 
the  excretion  of  uric  acid  but  has  no  influence  on  that  of 
phosphoric  acid  (Kj-iiger  and  Schmidt,  tide  =»].  If  the  higher 
purin  excretion,  in  this  naae,  had  been  due  to  an  increased 
endogenous  prodiiction>  the  phosphate  excretion  would  probably 
have  been  raised  as  well  aa  that  of  the  purin  bodiea»  since 
phosphoric  acid  is  also  an  ultimate  metabolic  product  of  nucloin, 
and  nuclein  is,  in  part  at  least,  a  aouree  of  endogenous  puiins. 
There  can  be  no  doubt,  therefore,  that  a  portion  o£  adniiiiiatered 
purin  paaaas  unchanged  into  the  urinn.' 

The  above  table  furniahca  ua  alao  with  data  from  which  our 

^  TtiL- dtff4^ri]]iaD  in  tht^  mcri>a»o  of  ciopeDoua  purins  foUoiviag  ingc^Jon  of 
amidu^  and  gjj-purim  ia  noi>  ovidefii  1q  ihe  cnat?  of  the  dog- 

*  A  point  of  dilTerflace  beLwcen  tbc  dog  and  ioan  munt  be  ni>le<3  bere,  vu. 
libflb  thymiis  parlni  ant  eicretod  in  tbe  dag'B  urine  Iv  the  huub  ulcnt  u  bjpq- 
'latbin^  nbereaa  in  the  cau  at  man  ibia  Ih  not  tbe  t^ase. 
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leading  queatiou  con  be  answered :  from  it  we  see  tliat,  iQ  the 
(log  Bt  least,  fe^-ding  with  thymiiw  j^lanJ  anil  witlt  liypoJEaiithin 
rataea  the  exogenous  excretion  to  tke  samu  extent  aa  duos  the 
subf^utancous  injection  of  an  equivalent  amount  oE  uric  acid. 
Now  adenin,  the  purin  in  th)'mua  noclein,  differs  from  hypo- 
xanthin  m  having  an  amido  group  in  place  of  oxygen  (see  p.  3^)2). 
Since  botli  ad«nin  and  hypoxiinthin  aro  easily  oxidised  into  nrlc 
add,  and  all  the  thfce>  i.e.  ademn,  hypoxautLin.  nnd  nm  fi.cid 
itself  raise  the  purin  fixoretion  to  the  aame  extent,  it  is  highly 
probable  that  in  the  blood  they  are  all  converted  into  the  same 
Hubstancej  via.  uric  acid,  which  ia  then  partially  destroyed.  In 
other  words,  any  oxy-  or  aniido-purin,  in  whatever  way  it 
gets  into  the  j^yatcmic  blood  of  the  dog.  Is  probably  converted 
into  uric  acidj  of  which  one-twentieth  part  (-"i  per  cent.)  ia 
excreted  unchanged  in  the  urine.  We  must  naturally  assiune, 
then,  that  the  endogenous  purin  bodies,  produced  by  nuclein 
disintegration  or  from  the  musolea,  will  be  ejccret-ed  in  the 
urine  to  the  same  extent.  If  experiments  of  thiA  type  be 
repeated  at  difierent  periodfl  on  the  same  dog,  or  on  different 
dogs,  similar  reaidta  will  invariably  be  obtained,  one-twentieth 
to  one  ■  thirtieth  of  the  uric  acid  present  in  the  blood  being 
excreted  iu  the  urine ;  and  this  is  true  from  wliatevcr  source, 
i.e.  exogenous  or  endogenous,  the  unci  acid  ia  derived.  Sub- 
outanoous  injection,  feeding  with  hypoxanthin  or  with  nuclein 
and  decomposition  of  tissue  nuclein,  all  yiold  the  same  result<"^). 

In  oats,  Mendel  and  Brown  ('")  found  that  of  pancreas  purin-A^ 
4'5-o"7  per  cent,  reappeared  aa  uric  acid-iV"  in  the  urine  ;  figures,  in 
general,  very  hke  those  which  Burian  and  Sehur  obtained  for  doga.'^ 

If,  than,  the  actual  uric  acid  excretion  in  theee  animais 
(cats,  dogs)  be  multiplied  by  20-22,  the  product  will  represent 
the  total  amount  of  uric  acid  produced  m  the  tisauea.  This  figure 
Burian  and  Scbur  call  the  lidcgnd  factor  for  purior  vxcretimt^.^ 

'  Thla  a  brougbt  about  by  an  uicidiBLiiE  fermaat,  utQtbin-Dxrdaae.  Uijg  vild 
gifcn  by  the  uiontli  U  jfclL  converteil  fniii  vjigil. 

*  IntrnTendfiH  tnjeolltin  cannot  be  flmployed  fnr  Ihe  tipfirimenCA  bacmuie 
it  produt^en  profound  (Ifrpri^tiHinD. 

'  Ebng«r{^^)  ha;  recently  triflrj  to  make  ont  thiit  in  cats  the  aiDODnt  of  uric 
Bcid  e:ccrHte'J  beara  no  numerioal  relalioiidhip  to  Ehis  oDinLint  of  nric  acid  given 
Itx  the  fuod^  If,  hoTVover,  bis  nj^ull^  bo  tralcqlntcd  out  on  Bvriftn  ard  Bcliur'a 
method,  thef  nill  bn  fgund  td  a^reciorv  waU  with  the  lawa  foraiqlAted  bj  thcns 
workeri'  Tbis  Is  true  uptil  a  cluse  gl  5  grm-  uriu  ncid  is  given,  wlien  poLnoD^Uff 
sjmptOEiifi  appear. 
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Similar  experiments  on  herbivoroue  finimals  yield  quita  a 
diflerent  integral  factor.  For  example,  in  the  rsbbit,  Biibciitaneons 
injection  of  Lypojt^inthin  or  of  uric  aciJ  causes  ati  increaBH  of 
purin'JV  excretion  amounting  to  17"1-1T"T  per  cent,  of  the 
injected  purin-iV;    The  integral  factor  in  rabbits  is  therefore  6. 

To  prove  tliat  the  integral  factor  \a  the  same  £or  e^togenoua  aad 
endogenous  purina  in  the  caae  of  man  it  ia,  of  comse,  impracticable 
to  perform  all  tlie  injection  experiments  which  have  been  practised 
on  dog3»  beveral  auch  experimentfl  have,  however,  been  performed, 
and,  ao  far,  tkey  have  yielded  positive  resulta.  Sohur,  for  example, 
injected  subcutaneously  into  himaell  1  grm.  oE  uric  acid,  in  sterile 
alkaline  solution,  and  found  an  increase  in  urinary  uric  add 
amounting  to  ^9-&5  per  cent,  of  the  injected  uric  acid.  In  a  aecond 
oiperiment  47"1*5  per  cent,  was  rctovcred.  We  havs  already 
seen  that,  in  man,  feeding  v-ith  xanthin  or  hypoxanthiu  raiaea 
the  purin  excretion  to  a  similar  extenCj  viz.  50  per  cent.*  That 
theae  two  nodes  of  purin  aasimilation  should  raise  the  urinary 
piirina  to  an  equal  extent  renders  improbable  any  supposed  influ- 
ence the  exogenous  purins  might  conceivably  have  on  the  hberation 
of  endogenous  purina,  for  it  is  unlikely  that  both  modes  would  effect 
tte  metahnliarn  of  the  latter  just  to  the  same  eitent-  The  intc/^ra/- 
factor /&r  vtan,  then,  is  2. 

UlLat  heeomcs  tif  thai  porixon  of  foo^  jmrin  whick  dlattpptwa  in 
its  ^fUJiiiCfrf  through  the  o/yfaniain  ? 

There  are  two  poasible  answers  to  this  quoBtiou,  It  may  he 
stored  up  somewhere  in  the  organism  or  it  may  be  decomposed, 
the  purin  ring  being  ruptured  and  excreted  aa  something  else.  The 
former  possibility,  that  uric  acid  may  he  sbared  up  somewhere  in 
the  tiBsues,  haa  been  cxpcunded  aa  the  true  state  of  ailaira  mainly 
by  Haig("-);  but,  despite  the  large  number  of  observations  which 
he  has  recorded  in  support  of  this  view,  it  a  not  generally 
accepted.  It  is  disproved  by  the  following,  among  other  ex|jeri- 
meuts:  if  uric  acid  be  injected  subcutaneoualy  into  a  dog,  one- 
twentieth  part  of  it  reappcara  as  such  in  the  urine  ;  according  to 

^  ThJHnvDT&ge  (nOpercpntj  Fcrpurini  vbicb  TEa[]feariii  tirina  in  loait  !■  onty 
B.pplicabl«  ta  heftlttiy  Indivtdnalti  viitb  full  sibwjrp].io[i.  liDc^,  if  AhiorplioD  be 
disturbed,  tbo  purins  may  puBB  itiio  the  fvcc»  (Waikor  HoJl).  Tbc  parina  of 
meat  Mte  r<>ndiJy  nbiorbt(i,  rthfireoB  (hjmna^  gaujin,  nTid  uucldc  acid  n.ro  oj*  lo 
raids  tha  pariri  pcrcDDtogo  in  iha  fiEooft-  Ob  ah  OfdiQarj  diet  th«  puriua  uf  Ibe 
fiBc«a  niEKJuut  tu  ikbuut  ^1>3-'0aerm,  N  Id  the  tweuLj-ruur  houru. 
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Halg,  part  at  least  of  that  which  disappears  becomea  deposited 
in  an  iiLsoluble  form  in  certain  of  the  tiaaueST  to  be  very  gradually 
removed  by  leucocytes.  If  this  be  a  correct  eiplanation,  a  much 
larger  amount  of  amikrly  injected  hypoianthin,  which  is  readily 
soluble  in  the  tisauc  fluids,  should  be  excreted  in  the  urine. 
Experiments  show,  however,  that  in  this  case  also  one -twentieth  of 
the  injected  hypoxanthia  appears  in  the  urine.  We  viust  eonelude, 
Ihrre/ort;  th{\t  it  is  dentyoi/i-i/. 

Ihj  wluif.  chf^itical  jivocfjut  dvfn  this  dn^rtutmn  Itihe  •plticr  1  In 
the  laboratory,  uric  acid  may  be  decomposed  by  various  agencicBi 
and  the  end  products  are  different  according  to  which,  of  these 
is  used.  The  most  important  ageT^cSes,  it  will  be  remembered, 
are:  (1)  JT^drtifj/sis — heating  to  170"  C.  in  a  closed  tube  with 
hydrochloric  acid,  yields  glycin,  carbonic  anhydride,  and  am- 
monia, (2)  Mild  o^idttttGn — treating  with  pobnaaium  perman- 
ganate or  with  porojddo  of  lead,  yields  allantoin  and  oarbonio 
anhydride,  (3}  More  }'awer/id  txcidatfon  with  nitric  acid  yields  aa 
ultimate  produnta  oxalic  acid  and  urea.  To  determine  by  which 
of  the  procesflea  destruction  of  the  purin  ring  takes  place  in  the 
organiam,  it  will  be  necessary  to  find  out  which  of  the  poasible 
decomposition  products  beuomea  increased  in  the  tissues  or  excreted 
in  excess  after  extenaive  purin  break-down. 

Of  the  decomposition  products  above  indicated,  urea,  allantoin, 
and  ojalit;  airrd  are  normal  conal;itiienta  of  the  urine,  although  the 
latter  two  only  in  minute  traces,  and  glycin  is  a  constituent  of  the 
tiasucfi.  An  increase  in  urea  excretion  could  rcault  from  purin 
destruction  by  any  of  the  three  ways  indicated,  for  glycin,  pio- 
duced  by  the  first  process,  and  possibly  the  allantoin,  produced  by 
the  Hecond,  might  be  converted  into  urea  before  being  excreted. 
An  increase  of  allantoln  could  only  result  from  a  process  akin  to 
the  second  reaction,  whcrcaa  an  increase  of  osoUc  acid  might  mean 
proceases  like  the  second  and  third,  for  oxidation  of  allantoin  in  the 
laboratory  yields  urea  and  oxalic  acid. 

With  regard  to  tjfifcin,  moat  authors  have  considered  this 
rather  a»  a  precuraor  of  uric  acid  than  as  one  of  its  decom- 
position products.  As  a  matter  of  fact,  however,  Wiener  {^^'  ") 
has  deftnitely  shown  it  to  be  a  decomposition  product,  at 
leaat  in  the  rablit.  In  these,  aa  in  all  herbivorous  animals,  a 
large  part  of  the  glycin  in  the  organism  unites  directly  with 
benzoic   acid  in  the  kidney  to  form  hippuric  acid.    If   a  large 
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amount  of  benzoic  acid  be  given  to  rabbita  bo  that  an  exc^ffl  ia 
present  in  ihe  tisaues.  the  liippuric  acid  excretion  will  become 
maxiTDal  and  of  constant  amoimt;  all  the  availiibl^  glyeiEi  in  the 
organism  being  us&l  np  to  form  bippnric  ^d.  In  auch  ft  con- 
dition any  added  glvcin,  by  uniting  with  tho  oxcci^  of  benzoic 
acid,  ^nll  at  once  raise  the  hippuric  acid  excretion.  By  leediiig 
fiuch  rabbita  with  uiic  acid  Wiener  obtained  an  increase  m  the 
hippuiic  acid  excretion,  showing  plainly  that  glytnn  liad  been 
formed  in  the  organism.  Wiener  baa  confirmed  tliis  reault  by 
finding  that  gljcin  ia  formed  when  uric  acid  and  a  saline  exbract 
of  ox*a  kidneys  arc  incubated  lor  some  time.  As  we  shall  eee 
lal«r»  the  kidneya  are  the  site  oE  uric  acid  destruction  in  herbivora- 
Qlycin,  thru,  is  uniluMivlfif  a  dn^^imposUian  •prt»luci  0/  purin 
tlianijttwit.  i/i  /f'.7'?'n'(7i'fT,  and  is  most  probabJy  aUo  so  in  man, 
although,  in  thia  case,  experiments  similar  to  those  of  Weiner  on 
rabbits  have  notf  so  far  aa  I  am  aware,  been  porfornied- 

With  regard  to  t}Hoj\t'*in^  there  neeraed  foe  long  to  be  un- 
doubted evidence  of  ita  being  the  chief  intermedinle  protluct  of 
uric  acid  destruction  in  the  body.  Salkowaki  found  it  preaent  in 
oonaidcrable  amount  in  the  urine  of  dogs  to  which  large  emounta 
of  uric  acid  had  been  given,  and  the  aamo  result  has  been  obtained 
in  similar  cjtperimeiits  on  cats('^'}.  Thus  Mendel,  Underbill,  and 
White  have  shown  that  in  whatever  way  nucleic  acid  ia  adminia- 
tered  to  cata  and  dogs  it  cauaea  a  very  distinct  increase  in  the 
allantoin  excretion,  and  that  intraveaoufl  injection  of  lithium  urate 
also  raises  the  aUnntom  excretion.  Allnntoin  has  also  been  found 
present,  tinder  normal  conditioua,  in  the  urine  of  eeveral  animala, 
but  never,  in  any  amount  at  least,  in  the  urine  of  man,  even  after 
copious  purin  ijige.^tion.  Nor  has  it  been  observed  in  the  urine  of 
herbivorous  aniniats  under  similar  conditions.  These  reaulta  {*) 
seem  to  show  that  the  uric  acid  produced  by  purin  do  com  posit  ioa 
in  the  body  is  oxidised  only  as  far  as  allantotn  in  dogs  and  oats, 
but  that,  in  man,  the  allantoin  ia  further  converted  into  urea,  lb 
was  further  observed  (by  MinkowakiJ  that  in  feeding  dogs  with 
allantoin  all  of  tt  passed  unclianged  into  the  urine,  whereas  in  man 
only  one-fourth  enuld  be  thus  recovered,  Thia  being  so,  one  could 
expectn  were  allantoin  really  produced  in  the  tlasuea,  its  presence 
in  considerable  amount  as  a  normal  constituent  of  dog^s  urine, 
which  ii,  is  not;  and,  in  human  urine,  we  wou[d  expect  itti  appear- 
ance after  extensive  purin  katabolism,  which  has  aleo  never  been 
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observed  {rf.  Wiener),^  The  qucsHau-  as  to  wki-ihtr,  bij  ^xiHn  tU' 
fi/.nif/-itiit,  alkutkrif*.  nm^iudlif  is  prmlvi-ed  in  the-  m-ffanintA,  cannot, 
UiK ft/ore,  he  itt  prrscnl  tlrjiiifUft/  ttTisvitrrd. 

Still  less  ja  knawn  regarding  tbe  possible  deiivation  of  o.talio 
(iciif  from  purin  break-down.  It  is  probable  that  even  were  it 
th.u3  derived  it  would  be  as  quickly  oxidised  as  it  was  prodticsd, 
and  would  thus  escape  detectioiL  Tt  baa,  however,  been  found 
increased  In  tbe  urine  of  rabbits  fed  with  oll&ntoin  (Luzzatto). 
On  the  othct  hand,  Salkowski  (-^)  has  recently  shown  that  a 
dog^s  liver  in  which  uric  acid  is  actively  destroyed  (oa  we  will  see 
later)  contains  no  more  oxalic  acid  than  does  a  calfs  liver  in  which 
no  dedtructjon  of  uric  acid  ensues. 

Id  man  the  urea  excretion,  as  well  aiS  that  of  uric  acid,  risea 
after  feeding  with  pure  nuclein  (prepared  from  aahuoii  sperm  or 
yeaatT  kc),  and  the  relationship  between  total  N  and  urea-iV 
Beeras  to  remain  practically  unchanged^  showing  that  all  the  de- 
composed purirs  are  thrown  out  fTom  the  body  as  urea.  Very 
few  researches  have,  however,  been  undertaken  by  the  uae  of 
modem  accurate  methods  to  confirm  this  important  point. 

The  only  conclusion  we  can  come  to,  from  a  consideration  of 
these  observations,  is  that  glfjcii  hjirtuhttu-d,  in  ctriain  tiTtimah  td 
kast.  n»  aa.  ijU'-rmrdialr.  jinidud  qf  2>iin}t  hrrak'iJmDn  ;  atid  tk'it 
uUntUoin  and  oitxUfc  acid  vtay  it'  produced  ditn^g  thf-  samt  frrocess 
nwder  certain  fiot  dearly  defined  eoiidUianit, 

We  come  now  to  a  problem  in  purin  metabolism  which  has,  for 
loog,  delted  all  solution,  and  can.  even  now,  be  considered  only  aa 
partially  solved-  The  problem  lathis: — tch}/,  IftkcorganUmhtcajxthlr. 
of  dt-alroi/iii^  ptiHrts  at  ali^  diws  it  jiot  enhrdy  dtdrinj  tkcm  m  that 
t/a  %Hne  is  purin-freet  The  answer  to  the  problem  is  all  the 
more  difficult  because  no  uric  acid  or  other  purlii  body  can,  under 
normal  conditions,  be  detected  in  a  free  state  iu  the  blood.  The 
following  three  bypotheaes  have  been  offered  in  solution  of  the 
problem :- — 

(1)  Garrod's  hypothesis'  that  (endogenous)  uric  acid  is  pro- 
duced only  in  the  kidneys  from    precursors  carried  to  it  by  the 

'  Farlhenpore.  PudiiBokal'ilEtid  Swnin  t^^*).  oaiopeikting  Salknwaki'e  exptri- 
menu  of  adding  uric  ncid  to  tha  fDOii  uf  do^,  Fauad  allt&ntoln  to  nppc&r  in  lliu 
Brine  oaW  afttr  vary  Urge  urouEta  \'A  jurra-)  gf  urio  acid  were  glTon  ;  wtieiwe, 
wlthtmalL  amouDtd  (1  ^itn.).  ooqq  of  it  appeared^ 
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blood,  and  tb&t,  as  it  is  produced,  it  is  excreted  into  ttie  urine. 
All  other  piirins  in  the  body  (f.7.  of  ejtogenous  origin!  are  de- 
atrojed  ia  the  various  organs  and  ttaBues,  30  that  the  blood  ia 
purin-free. 

(2)  H&ppit-Sctfhf^s  hifp(ithvsi& :  that  most  of  the  organs  in  the 
body  can  both  form  anJ  destroy  orio  at'id,  the  balance  of  these 
two  processes  being  auch  that  no  uric  acid  eaccpea  into  the  blood. 
The  kidney  is  alao  endowed  with  the  power  of  forming  uric  acid 
whichj  inatead  of  deatroying,  it  exorotca. 

(3)  Yon  NcordfTi's  hifpothcsis  -  that  endogenous  uric  acid  is 
shed  into  the  blood  as  some  compound,  winch  is  mott  stable  than 
uric  acid  itself  {i-x.  exogenous  uric  acid),  aad  which  is,  therefore, 
not  decomposed  by  the  tiaauea. 

Nono  of  theae  hypotheses,  however,  ia  correct,  and  some  other 
explanatioTi  must  be  offered  to  satisfy  all  the  observed  facta* 
In  our  foregoing  descri[]tion  of  the  behaviour  of  different 
aEiimala  to  ptirin  admioiatTatiOD  we  have  asaunied  that  the 
cadc^cnoua  moiety  of  purina  has  the  aame  integral  factor  aa 
the  exogenous.  If  this  be  correct,  it  must  follow  that  both, 
endogenous  and  exogenous  purin  substances  are  intermediary 
bodies  in  metabolism,  and  it  cannot  be  true,  m  von  Noorden 
has  suggested,  that  endogenous  purins  differ  from  exogejioua  in 
that  they  are  more  stable,  and  ao  are  not  further  decomposed. 
We  must  before  going  further,  therefore,  retrace  our  steps  and 
aee  what  direct  evide-nce  is  to  haTid,  akowing  that  endogflnou9 
pitri'ws  are  dejttriii/&i  in  tfie  luxly,  i.r.  that  they  are  not  end 
products  of  metabolism  but  only  intermediary  onea.^  After 
joining  the  portal  vein  to  the  vena  cava  in  doga,  and  ao  prci- 
venting  the  portal  blood  from  directly  perfusing  the  liver  (^) 
it  haa  been  stated  that  the  uric  acid  excretion  ia  higher  than 
normal,  even  when  the  dogs  are  fed  on  a  purin-free  diet.' 
Aa  will  be  ahuwn  later*  the  liver  ia  the  luain  seat  of  nrio 
acid  destmctioo  in  dogs,  so  that  its  partial  removal  from  th*; 
Bvatemic  circulation,  aa  in  the  above  experiment,  might  ha-" 
cauaed  leaa  endogenous  purina  to  be  destroyed  than,  normally, 
course,  it  could  be  a<lvs]icfld  as  an  objection  to  this  proof,  that  the 


'  VTv  bave  filready  bad  dccmIod  tc  ooQilder  ttali  qnevtion  from  fknothor  poiob] 
at  Ticw, 

^  Hbflkins,  Hcrrialc  fiiid  the  aiibbor  have  hsi^n  onablo  ta  ooullna  this  high 
eadoffciiuuB  purio  eiorotloc  id  tvro  Eok's  Qstuln  dogi^ 
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production  ni  (endogenous)  purins  had  been  raised  by  tbe  opera- 
tion, not  their  destruction  dimitiLshed.  Thab  such  ia  improbable, 
however,  was  shown  by  the  total  N'e:tcrction  (which  is  a  tocaauro 
o(  tissue  break-down)  remaining  constant. 

Bv  the  injection  of  oil  into  the  lunge,  and  by  poiaoning 
with  hydrazine  sulphate  (^'),  allantoin  makes  its  appearanre  in 
cooaiderable  amount  in  the  urine  of  dogs  fed  meauwHile  ou  b. 
purin-free  diet,  AUttntoin  ia  a  dccompcsition  product  of  uric 
aeid  in  dogs.  In  both  these  esperimeutHj  the  endogEnoua  pro- 
duction of  purins  must  undoubtedly  hnv*  been  raiaed,  and  the 
increa!=€d  aniGont  further  destroyed,  aod  excreted  as  allantoin. 
Js'eithec  of  the  two  latter  eiperimentft  furnishes  ua,  however,  with 
absolute  proof,  for  it  is  poaaible — though  in  view  of  Mendel'a  recent 
work  not  probable — that  the  allantoin  might  be  derived  from 
something  other  than  a  piiriu  aubstancv. 

Buiian  and  Scbur  (^^)  have  recently  removed  all  doubt  of  the 
intermediary  nature  both  of  exogenous  and  endogenous  purins, 
Briefly,  their  experiments  are  a£  follows  ; — The  kidneya  were  excised 
10  several  doga,  of  whona  some  were  previously  fed  with  purin- 
containing  food,  and  others  with  pnrin  -  free.  After  periods 
varying  from  one  to  three  days,  the  dogs  were  killed  and  the 
biood  carefully  examined  for  uric  acid.  In  no  csae,  even  where 
large  quantities  of  puhn  had  been  contained  in  the  diet,  wob  the 
minutest  trace  of  uric  acid  found  present  in  the  blood.  Two 
inteqjretationa  of  this  result  are  possible:  (I)  that  uric  acid  ha- 
comea  entirely  deatioyed  aomewhere  in  the  body,  unless  some 
of  it  be  drained  off  in  the  kidneys  before  it  b  destroyed  [i.s. 
that  Hoppe-Seyler'e  hypothesis  ia  correct) ;  (2)  that  the  endogenous 
uric  acid  b  formed  in  the  kidneys  themselves  from  some  non- 
purin  precuraors,  the  exogenous  portion  being,  however,  capable 
cf  deatructiou  in  the  body  [iy;  that  Garrod'a  hypothesis  is  correct). 
Exciaiou  of  the  kidneys,  aooordiug  to  Garrod'a  hvpotheaia,  would 
mean  want  of  formation  of  endogenous  purina,  and  complete 
destnietion  of  the  R:iogenoiiB,  bpcause  of  their  repented  circula- 
tion through  the  destructive  organs. 

To  ascertain  which  of  these  explanations  is  the  correct  one  it 
was  necessary  to  remove  from  the  circulation  not  only  the  kidneys 
but  also  the  pnrin -destructive  organ  or  organs.  If,  then,  on  a 
purin-free  diet,  purios  should  accumulate  in  the  blood,  the  kidneyfl 
could  not  be  the  bite  of  formation  of  endogenous  purina. 

2d 
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Belore  going  further  with  a  conaideration  of  Biirian  and 
Schur's  work  it  will  be  necessary  to  leam  something  about  the  3iU 
of  pwfin  distrnHion  in  the  body.  Nencki  and  Hahn's  observationa 
on  the  piirin  excretion  in  Eck*s  fiatiila  dogs  have  already  been 
referred  to  aa  indicating  the  liver  as  the  posaible  aeat  of  purin 
dcstructionf  in  this  animal  at  least/  In  tho  eame  year  Kicbet  i^°) 
sbowed  that  extracts  of  dog's  liver,  by  standing  at  body  tempera- 
tiire,  wfre  cftpabli^  of  producing  urea  or  some  dosely  allied  body, 
aud  a  few  yeaja  later  it  was  shown  that  the  precuraara  of  ureA  in 
thcae  experiments  were  not  ammonium  salts  or  amido-acida  but 
uric  acid--  Jacoby  (^")  carried  Richet's  discovery  a  stape  Jurther 
by  finding  that  thera  were  two  agerciea  in  the  liver  extra^^t  which 
caused  this  decomposition  of  uric  aold,  one  a  ferment-like  body 
easily  destroyed  by  heat,  the  other  a  heat-resistant  body,  and 
present  only  in  small  amount  compared  with  the  iermontn  Jacoby 
supposed  that  ailantoin — and  not  area — -waa  produced  from  the 
uric  acid,  and  pointed  out  that  the  ferment  must,  therefore,  be 
an  oxidase  (an  oxjgcnating  ferment),  Ascoh  {^°)  demonstrated 
tbe  same  facta  another  way ;  he  perfused  the  esciaed  liver  of 
a  dog  with  detibrinatcd  blood  in  which  some  uric  acid  bad  been 
dia'iolved,  and  found  a  decrease  of  niic  acid  and  an  accumu- 
lation of  ailantoin^  in  tbe  blood  after  perfusion,  whereas  by 
altuwing  A  uuKture  of  blood  and  uric  acid  to  stand  fur  some 
time  at  body  temperature  without  perfuang  it  through  the 
liver,  the  uric  acid  remained  imdiminished,  Wiener  ('*)  showed 
further  that  saline  extracts  of  the  Uvere  of  the  dog  and 
pig  destroyed  uric  acid,  whereas  similar  extracfa  of  the  kidneys 
poasesaed  no  aurh  power.  There  can  be  no  doubt,  then,  that 
th£  hvcr  of  the  dog  ^nd  pig  can.  oxul\^  urk  acid.  Wbetlier 
cr  not  any  other  organ  of  the  dog  can  do  tho  same  thing 
remains  an  open  question,  and  it  is  also  un[]etermined  whether 
the  liver  of  every  carnivorous  animal  is  possessed  of  the  same 
power. 

"With  regard  to  ?icrhifoj'ouA  animafs,  the  most  important 
experiments  concerning  the  site  of  purin  destruction  are  those  of 


^  HAha  anil  Neuckl  tbougbL  Lbe  iiic-:rc«D<r  lu  bi?  Oqe  (u  iacjeuaeJ  olkoluiitj' 

■  The  enpposeO  hfeb  in   Biubet's  ejpcrJment,  tiOKtever^  vit*  tnoat  probably 
allBtitoJu. 
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Wieoer,'  He  found  that  extracts  of  the  kidneys  and,  to  a 
less  ext^ntj  o£  the  ransclca  of  hctbivorous  ftnimala  are  capable 
of  decomposing  uric  acid,  th^  enrl  products  being  not  alkn- 
toin  hut  glycin.  Similar  pstracta  nf  the  livers  cif  the  saitie 
animals  were  found  to  possess  no  power  of  deatrojing  uiio  acid 
but  rather  of  producing  it,"*  for,  after  incubation  for  some  houre, 
uric  acid  was  found  to  have  at^eumnlnted  in  the  cstcacts-  Aa 
we  hftve  already  Been.  Horbaczewaki  and  Spitaer  (")  had  pre- 
viouely  observed  the  aanie  accumulatif.in  of  uric  acid  when  a 
mixtFiire  of  liver  pulp  and  blood  of  oxen  was  allowed  to  stand 
aome  time.  Theae  latter  facts  are  mentioned  here  to  indi- 
cate how  undefined  at  presoot  is  our  knowledge  of  the  site  of 
uric  aeid  formation  and  destruction  in  animals  of  different  habits. 
So  mnch,  however,  we  may  take  aa  certain,  that  in  dng^  t/ie  liccr 
U  thf  organ  jKfisi/ssnf  of  any  cotmUfr ruble  poictr  <j/  ticdrot/iny  vric 
acid,  and  this  is  all  that  we  require  to  know  for  our  present 
purpose. 

To  return  to  Burian  and  Schur's  experiinents  regarding  the 
intermediary  nature  of  (endogenous)  purins:  we  ore  now  in  a 
poflition  to  see  wliich  of  the  two  explanations  offered  on  p-  417  to 
explain  the  disappearance  of  uric  acid  from  the  blood  of  nephro- 
tomised  dogs  is  the  correct  one.  If,  in  these  dogs,  the  Uver  aa 
well  as  the  kidnraya  be  exeiaed,  and  we  find  uric  acid  tn  accumulate 
in  the  blood,  we  can,  with  confideace,  discard  the  hypothesis  which 
supposes  endogenous  uric  acid  to  be  produced  in  the  kidneys, 
and  must  accept  that  which  auppoaee  it  to  bo,  hko  the  exogenous 
moiety,  capable  of  further  destruction  in  the  body.  To  exclude 
both  the  kidneys  and  the  liver  from  the  circulation,  Burian  and 
Bchur  placed  a  ligature  on  the  aorta  UEuuediately  abDve  the 
cocliac  artery.  8aoh  a  ligature  cuts  off  from  the  general  circula- 
tion any  blood  coming  from  the  inteatineSf  and  so  excludes  any 
absorption  of  exogeaoua  purins.  As  it  was  shown  in  a  control 
experiment  that  there  might  be  some  exogenous  purins  in  the 
blood  'before  the  ligature  was  sppUed,  and  as  the  experiment 
concerns  the  endogenous  moiety,  the  precaution  had  to  be  taken 
to   feed  the  dog  on  a  purin-free  diet  for  some  time  before  the 

■  Wiener  mnde  extracts  of  varioiu  organs  and  iJfAuo*  nJtJi  jtotomo  talt 
BOlation,  added  mia  mcid  to  ihese  eitracU  Hod  ploaad  tbcm  od  h  shaker  In 
the  inciibatDi  lot  dfireral  boara- 

^  Burian  hue  reecnttj  Bb&ivti«  howcvcrn  >:hat  the  liver  q!  the  ox  dosg  pouwH 
^mv  pDW(frof  dt^troyifig  uric  ficid,  especiallj  if  iHq  uric  acid  be  in  aolntioUt 
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tigatore  was  applif^d.  In  two  expcrimeata  done  as  above  de- 
scribed, and  in  which  tlio  dogs  were  killed  three  hours  after  tlie 
Ugatuiv  wiLa  appliodf  uric  acid  was  detected  in  the  blood.  This 
ligature,  it  muat  be  remembered,  will  cut  out  from  the  circulation 
the  intestines  it^  wdl  as  the  liver,  and  it  might  be  argued  that 
the  accumulation  of  uric  acid  In  the  blood  in  such  a  ca;4e  waa 
due  to  the  occlusioD  of  the  intestines  from  the  circulation,  thcrebj 
preventing  anj  excretion  of  uric  acid  by  that  path.'  That  Euch 
Ib  not  the  explanation  was  shown  by  a  separate  experiment  in 
which  the  ligature  was  applied  between  the  coeliac  axis  and  the 
Bup.  meaenteric  artery — the  intestinea  were  occluded,  the  Lver  not 
so— and  in  which  after  several  hours  the  blood  did  not  contain  a 
trace  of  uric  acid :  the  bvcr  had  destroyed  it. 

How,  then,  d'f-'t  it  koppe^  that  any  ^vtiriii  hadu's  nrr  excrvlfd  m 
tfie  uriiir.  0/ ihiffS  vihrji  Uwrc  is  mifk  tiri  arfirc  ilfMnicHon  f*/  thtjii 
in  tha  iiixr?  The  answer  to  this  question  was  &rst  of  all  Buggestcd 
hy  Luthjef^),  and  has  been  supported  by  Burian  and  8chur{'"), 
By  these  obaerver»  it  ia  supplied  tliat  the  urinary  purina  repre- 
sent that  portion  of  the  total  pnrina  which  the  kidneys  bavo 
removed  from  the  hlood  paa^g  through  them  before  the  purln- 
dcatructive  organs  have  had  time  to  complete  their  action.  The 
process  of  purin  destruction  in  the  organism  is,  therefore,  not  a 
complete  one ;  a  certain  amount  of  purin  eflcapes  from  the  blood 
before  it  can  he  destroyed.  The  incomplete  destruction  is  not 
due  to  any  feehleneaa  in  the  action  of  the  destrut^tive  organs, 
but  ia  due  to  some  of  the  purin  being  removed  from  their  inducnce 
by  ita  being  excreted  in  the  urine.  We  have  already  seen  that 
after  ligature  of  the  renal  arteries  no  purine  can  he  detected  in  the 
hlood  even  after  copious  feeding  with  lujclein,  and  imireover,  that 
the  fraction  of  purins  which  pawea  into  the  urine  after  purin 
feeding  ia  the  same  whether  largo  or  small  amounts  of  purin  be 
administered.  There  is  no  question,  therefore^  of  the  ability  of 
the  destructive  organs  to  do  their  work,  and  they  would  invariably 
destroy  all  the  purins  of  the  hlood  did  some  of  this  blood  not 
traverse  the  kidneys  and  so  allow  some  purins  to  escape. 

This  hypothesis  may  be  stated  in  another  way ;  of  tlic  blood 
entering  the  abdomen,  a  certain  fraction  perfuses  the  liver  and  a 
certain  fraction  the    Iddneys ;    this  blood  contains   purin  bodies 

■  Tha  question  or  inLestlDal  eicratloc  of  purins  Is  talij  discosBed  bf  WaFker 
HalUn 
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(mainly  as  uric  acid),  which  arc  deetroyed  in  the  liveP  bat  excreted 
by  the  kidneys,  the  relative  amounts  destroyed  and  excreted 
depending  on  the  relative  amount  of  blood  eircidating  tbrough 
these  two  organs. 

Tbia  explanation  can  at  once  be  ai^ccpted  for  purina  injected 
into  a  peripheral  voasel,  but  at  first  sight  it  aeems  diifieult  to 
understand  on  thg  same  basis  why  eJtogenoua  purins,  which 
during  their  absorption  rfuittC  pas^  through  the  liver  before  getting 
to  tiie  kidneys,  should  behave  quantitatively,  with  regard  to  ex- 
cretion^  like  endogenous  ones.  The  fact  that  the  same  fraction  of 
puria-N'  reappears  in  the  urine  of  do^s  after  thymufl  or  pancreas 
feeding,  hypoxanthin  feeding  and  hypoiaathin  or  uric  acid  injec- 
titjn,  but  that,  when  uric  acid  is  given  in  the  food  none  of  It  can 
be  recovered  aa  purin-N  in  the  urine»  seems  to  show  that,  before 
their  destruction  in  the  hver,  the  purina  must  be  converted  into 
nric  acid.  Thus,  when  uric  acid  is  given  in  the  food,  it  becomes 
enti-Tely  destroyed  before  it  enters  the  syatemie  circulation  ;  when 
injected  subcutaaeously,  however,  part  of  it  is  carried  to  the 
kidneys  and  excreted,  the  rest  to  the  liver  and  is  destroyed. 
When  purine  other  than  uric  acid  are  given  by  the  mouth,  they  of 
course  also  pass  through  the  liver^  in  which  however  they  are  not 
deHtrayed.i  but  pass  on  to  the  tissues,  where  they  are  converted 
into  uric  acid,  and  then  the  same  fractions  are  destroyed  and  ex- 
creted aa  if  uric  acid  itself  had  been  injected  suhcutaneously. 

In  support  of  this  view,  Biirian  and  Schur  have  performed 
some  experiments  in  which  the  amount  of  blood  circulating  in 
the  kidneys  was  inereaaed  in  proportion  to  that  perfusing  the 
hver  if.g.  by  administering  diuretics);  and.  aa  a  rfsiilt,  have 
obtained  an  increased  purin  excretion.  Ah  it  ia  possible  to  cause 
the  dilatation  of  the  renal  vessels  only  for  short  periods  of  time, 
the  urine  in  these  experiments  had  to  be  escamined  every  hour; 
in  twenty-four  houre  the  hourly  increase  would  have  been 
followed  by  a  succeeding  decrease,  and  very  little  diSerence  from 
the  daily  excretion  under  normal  oonditiona  could  be  noticed. 
Grape-Hugar  and  urea  in  amounts  varying  from  3-3  gnn.  and 

^  In  thii  DotmstrtioD  it  sbonld  b«  uBatlobed  that  an  nLoofaoUo  preoipil^Ce  of 
one  liver  cutr&ot  when  n^dod  to  jLOothcr  lErtt  oxtr^ct  cuuBcg  d  riac  in  the  nren 
producod.  Chaucv^nt  and  Richeb  argue  from  ihi^  that  Lhc  livor  can  aJ&u 
dcattoT  pariD  (nucldu)  biLjeii,  Un  ths  protcld  iti  [lie  precipltatn  cuiilil  be  du 
precurNDT.  TIllb  iiiirin  ia,  boncver,  Qiu»t  fJ^^Jbiibly  4?tJdiflud  lo  iirjc  acid  belora 
bviog  dettraj^. 
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dissolved  in  from  25-50  c.c.  iaotonic  NaCl  were  iojected  mtra- 
venoiialy  into  dogs  ^ — the  piinn  excretion,  total  N^  and,  i.n  snme 
uivH«s,  tbe  PjOq  ami  NH^  escretions,  luring  rietefTuirW  ev*^^y 
one  or  two  hours.  In  all  caai.'8  a  marked  rise  in  purin-N  waa 
obaervcd  during  the  hoiir  or  two  following  tlie  injection  of  the 
diiirotic.  This  ini^r^^aHe  mif^ht,  of  coutfie,  have  another  cause  than 
that  described  above,  viz,  thp  injected  substance  might  induce 
an  int'TcaaeJ  decomposition  of  tissue  nuoleina  and  a  consequent 
rise  in  endogenoua  prodaotion.  That  auch  was  not  the  case  waa 
proved  in  the  dextroae  oxporimcnta  hy  the  kct  that  the  hourly 
NH„  excretion  waa  also  rtLised ;  and,  in  the  urea  e]cpen]nents,  by 
the  fa^.t  that  the  P,0^  excretions  remained  (constant  though  the 
purirt'N  rose.  In  the  former  e,ase,  tlie  risi^  cf  tfH,  was  probably 
due  to  the  same  cause  as  the  rise  of  purin-N,  viz.  that  a  larger 
fraction  of  blood  than  riormal  had  been  carried  directly  to  the 
kidneys  before  it  had  trftversed  the  liver  and  that  as  a  conse- 
quence the  precursora  of  nr^a  which  it  contained  (viz.  NH^  aalta), 
and  whicli  are  converted  into  urea  hy  the  hepatic  ccUb,  were  ex- 
creted in  large  amount.  The  fact  that  the  F^O^  eicretion 
remainfti  constant  when  urea  was  injected  aliowa  that  no  iu- 
creased  nuclein  disintegration  could  have  occurred. 

The  same  type  of  experiment  was  attempted  on  man,  diuretics 
bein^  given  in  the  diet  No  distinct  incfcaae  coidd,  however, 
be  observed  in  the  hourly  excretions  of  purina.  The  integral 
factor  in  man  is  only  2,  eo  that  it  would  take  an  eEormoua 
hypencmia  of  the  Iddneya  [to  divert  Buffieiert  uric  acid  to 
them)  before  any  difference  could  he  observed  in  the  urinary 
purinH- 

Wioner  ('"t  haH  suggcated  that  the  rise  following  the  injection 
of  these  sjubatancca  indicntea  a  synthesis  of  urio  acid,  and  ie  not 
due  to  the  cause  ascribed  above-  This  possibility  we  will  diecusa 
later-  SiveiU'-^J  and  Pfeil(^)  have  both  noticed  that  on  a 
puriii-free  diet  tlie  purin  excretion  is  greater  in  the  forenoon  and 
least  during  night.  It  ia  greatest,  therefore,  just  after  the  erect 
posture  is  aasumed,  and  wlien  there  is,  conceivably^  more  active 
circulation  through  the  kidneya. 


I  ThiTFiv  animjilf  anj  v»rj  suitobte  for  i-liia  ^vpcrJmBTit,  aa  Lliair  inlv^nl 
farji^r  ta  lii^h  (i,c,  thi^ir  uric  add  dcfltrLictlvQ  pover  i«  great )»  mid  udnacqucQily 
a  luarkud  difference  would  ba  expected  to  follow  th«  diverting  of  uric  »ciid 
(ivin  ibe  dflttruotWe  organ. 
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We  have  SRon  that  hy  multiplying  the  endogenous  urinarj- 
purina  by  a  certain  factor,  varying  in  different  speciea  of  animals, 
an  cQtimale  may  E>g  made  of  the  purina  actually  act  hcc  in  tbc 
tiBBoes.  So  far  as  is  possible  from  the  ^nall  amount  oE  work 
which  has  bsfin  done  since  the  dual  origin  of  urinary  purina  waa 
clearly  indicatftl,  let  us  iy^tjiUre  ii\Uf  thr  tmct  Afturce  of  the 
emfoffcnous  jtartTis  :  and  how  their  excretion  hefMi^es  under  various 
phyBiolopcfd  &nd  pathological  conditions. 

First  of  all  let  aa  see  ickclhfr  ani/  of  the  endoij^ious  moiity  of 
itW-ffJury  puHns  in  mtt-mmnh  is  protiucytf  hjj  a  aynlh^tic  2*^'nci'Mi 
anahi/ofis  taitk  thai  occiirrinf/  in  hmls.  The  fact  that  the  endo- 
genous moiety  remaina  constant,  even  when  the  diet  (purin-frec) 
undergoea  eaormoua  variations,  would  tend  to  show  that  the 
synthetic  production,  if  it  does  exist,  can  be  only  of  very  secondary 
importance.  On  the  other  hand,  there  are  certain  chemical 
Bubatant^es  which  are  not  purine,  hut  which,  when  given  to 
animals  {mammds)  on  a  pnrin-free  diet,  can  cause  a  flight  increase 
in  the  endogenous  purin  excretion.  Those  same  subatancoa  cauao 
a  very  marked  increase  in  the  purin  excrptiou  of  birds  where 
uric  acid  synthesis  undoubtedly  obtains.  It  is  obvious,  therefore, 
that  before  going  farther,  wo  must  stady  the-  ^iftUkdic  protess 
ill  bird*,  and  then,  after  we  arB  famiUar  with  this,  see  in  hoiff 
far  the  knowledge  can  bo  applied  to  what  occurs  in  mammals. 

That  uric  acid  in  birds  is  produced  by  a  .synthetic  proceaa  ia 
shown  by  the;  fact  that  if  nrrn  be  given  them  tn  their  food  it 
all  reappears  as  uric  acid  in  the  urine-  The  same  thing  results 
if  these  aub3tanceB  which  cauae  increased  urea  escretioa  in 
mammak,  such  aa  ammonia  salts  and  amido  acids,  are  given  to 
birds,  an  immediate  increase  of  uric  acid  resulta.  Chemical 
inveKiigniion  hart  shown  ua  that  uric  acid  consists  cf  two  urea 
molecules  linked  together  by  a  central  chain  oi  carbon  atoms. 
What  Bubatttuce  in  the  oTganisro  iurnbhes  this  central  carbon 
chainn  and  in  what  organ  dooa  the  syntheaia  enaue?  To 
answer  these  questiona  Minkowski  (^)  extirpated  the  liver  in 
geefle.^  This  operation  in  birdn,  and  especially  in  largo  birds, 
is,  technically,  not  very  difficult,  because  no  artificial  anaata- 
mosia  of  portal  vein  and    ^ena  cava  haa  to   be  created,  aa  in 


■  riLAE,  it  is  in  the  livrr  that  this  qvntbesli  aecnrB  Jn  birds  hai  been  Bhown  hy 
T-  H.  Milroj,  who  found  tlint.  galvnnic  slimiilation  ol  the  liver  of  geeae  ciuwd 
an  incroaBH  io  the  uric  acid  owrotion  l"K 
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mammala,  th^re  being  m  birds  ad  ea^ay  nutural  ane^tamosii 
betweei;  tfipsi!  two  thringh  tli»!  vein  of  .Tacobaon  wbicb  joiiia 
logetliBC  tbe  portal  vein  and  the  vena  adveheiia  (ninniiig 
from  the  tail  and  pelvis  to  the  kidneys).  By  ligat^inng  the 
portal  vein  above  this  anastamotic  branch,  the  portal  blood  does 
not  traverse  the  liver^  and  this  latter  can  now  be  eiciaed,  except 
tlie  portion  of  it  which  immediately  surrounds,  and  ia  intimately 
adherent  with,  the  hepatic  veinn  To  exciae  tliis  latter  part  would 
mean  too  much  bloeding,  but  it  can  be  eruehed  so  oe  to  reader  it 
functionleBa,  la  Minkowaki'a  experiments  the  geese  lived  from  eix 
to  twenty  hours  after  the  hver  extirpation,  during  which  time 
this  experimeoter  found  the  amount  of  urie  acid  in  the  iinne 
to  be  markedly  diminished  and  ammonium  lactate  to  be  corre- 
spondingly increased.  The  roplaecment  of  uric  acid  by  ammonium! 
lactate  pointed  to  lactic  acid  as  the  substance  which  fumighea 
the  carbon  chain ;  the  ammonia  increase  being  of  course  also  due 
to  the  abfleace  of  any  ayntbeaid  oj  uric  acid, 

B&fore  Miukowaki'a  explanation  of  this  result  could  be  accepted, 
however,  it  had  to  be  ahown  that  the  lactic  acid  was  not  produced 
in  aome  other  way.  Lactic  acid  in  the  uiine  may  occur  in  a 
variety  of  conilitioas,  aueh,  for  example,  as  in  severe  hver  diaeaae 
in  man,  in  phosphorus  poiaomng,  and  alao  in  conditions  associated 
with  deficient  tisaue  oxidation.  In  fact,  Hoppe-Seyler  (^')  sug- 
gested that  deficient  oxidation^  due  to  the  operative  interference 
impeding  the  moveinenta  of  lespiration,  might  be  the  cause  of  its 
appearance  in  Minkowski's  birds.  That  audi  waa  not  the  case  haa^ 
however,  been  shown  by  Minkowski  himself;  for  the  same  lactic 
acid  excretion  occurred  after  all  the  blood-veasiis  going  to  the  liver 
were  tied  but  no  liver  extirpation  practised.  It  might,  hf*wever,  be 
poasiblOj  as  Bungef^'*)  suggested,  that  kttio  ncid  had  been  pro- 
duced by  the  removal  of  the  liver,  not  because  nrJc  acid  formation 
was  inhibited,  but  from  aome  other  unknown  cau^;  that  this  free 
aoid  acted  as  any  other  free  acid  in  the  tissues  would  [see  artn 
Diabetes,  p.  372),  in  that  it  used  up  all  the  available^  alkali,  until 
there  was  no  alkah  left  but  ammonia,  with  which  it  then  combined, 
thereby  preventing  it  Irom  being  transformed  into  urea  and  uric 
acid  (see  also  Milroy's  expt^,  p.  393).  Minkowski,  however,  showed 
this  explanation  to  bo  incorrect — and  the  want  of  synthesis  to  be 
tho  main  cause  of  lactic  acid  excretion  —by  feeding  hyerlesa  geese 
on  urea ;  no  increase  waa  thereby  produced  in  uric  acid  excretiou, 
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from  whicli  he  argu^  that  ByntlicEis  had  diaappeariKl,  Salaekin 
has  confirmed  Minkowski  hy  showing  that  when  tactic  acid  Ik  per- 
fufled  through  the  liver  of  a  goose  uric  acid  is  fomed.^ 

Wiener  t^")  lias  carried  this  aubject  of  uric  acid  syntljesis  farther, 
and  hafl  ahown  that  iiot  only  lactic  acid  but  a  whole  sciica  of 
org&nic  acida  and  related  aubstaaces  can  furniah  the  carbon  chain 
which  links  the  two  nrea  inolecuba  together-  To  demonatrate 
cleiirly  what  these  substances  arr*,  Wiener  used  geese  whose  tissues 
contained  an  excess  oi  urea.  I£  utea  alone  he  fed  to  hirdfl  in 
moderate  amount  it  all  becomes  transformed  into  uric  aeid,  but  if 
an  excess  be  given  (subeutaneously)  all  ia  not  thus  syntheaised — 
because  all  the  available  store  of  mibstanee  which  yields  the  carbon 
chain  becomes  used  up — so  that  some  is  excreted  unchanged  in  the 
urine.  If  now,  to  a  gooeo,  thus  treated  with  urea  till  aome  over- 
flowa  into  the  urine,  lactic  acid  he  given,  or  immediate  increase 
in  uric  acid  exerelior  followa,  for  the  lactic  acid  fnmisheH  the 
necessary  tri-carbon  chain  for  the  synthesis.  Experimenting  in 
thia  waj.  Wiener  has  shown  that  any  oxj,  ketone,  or  dibasic  acid 
ol  the  fatty  acid  series  with  a  chain  of  three  carbon  atoms,  or  any 
of  the  higher  organic  acids  or  their  derivatives^  which,  by  their 
metaholiam  in  the  tissues,  prodnee  one  of  these,  is  capable  whan 
given  with  the  food  of  furnishing  the  connt^ting  IJnlf  for  the 
synthesis. 

Working  on  artiSciallj  pcrfuaed  livers  on  the  othet  hand, 
Wiener  found  that  the  only  one  of  these  bodies  mentioned  above 
which  caused  any  marked  increase  in  uric  acid  formation  was  a 
dibasic  acid  called  tarticnic.     This  Las  the  form.uU: — 

.COOH   (oij-malomc  acid) 
CHOH<; 

NCOOH 

and  is  the  lowest  posHible  dibasic  oxy-acid, 

Ths  urea  residues  attach  tbemselvea  to  this  in  two  stages, 
the  first  formed  compound — of  tartronic  acid  with  one  utea  mole- 


*  Iherelff,  however,  flomff  tnirh  in  Hiingaficonlenrlon,  for  Lorg(»)  hat  fiTtund 
thdl  if  alkali  he  fldtnlniaterfti  to  liverlMs  fowln  lliere  foUotta  B  tiiTDiuuIicc  in  iLo 

iMDIDODiA  91  crated. 

^  The  odIj  qdq  of  tboflfi  higher  uida  vrlilch  Wknor  found  to  cbobq  on; 
mcu-ked  iocrear^e  in  urjo  noid  noB  p-o^y-hxiljiic.  PrafdouiD  &cid.  which  in  pro- 
duced whcTi  mujrt  at  ttiQ  Ligberacidit  break  down  in  [he  tii^aQCd,  dop^  tiot  eater 
Into  thfi  Bjathvais. 
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eule — ^being  a  body  called  an  uTeide,  in  this  case  dialuric  acid, 

tliua : — 

i\H-CO 

/NH,    nOOCv  /  I 

CO'^         -s-  XHOH-  CO  CHOH  +  2H,0 

\NH,    HOOC/  \  I 

NH-00 

(P"rea)         {Tartronk  acid)  {Diaturir  Ofi'i) 

Duditric  acid  then  unites  with  a  eecond  urea  molocole  fomung  uric 
acid,  thus : — 

NH-CO 

/I  NH  -  CO 

CO  CH0H4-HJf.  /  I  +2HP 

\  I  >C0  =C0  C  -  NH 

KH-CO  H,N'  \  II  Xco 

NH^  C -  NH/ 

{Dutinne  m^id)        {Ui-«a)  [U/iit  ar.iil) 

Wicuer,  therefore,  thinks  that  all  the  ah[>ve  bodies  which — when 
given j/'V  on  uni3er  the  rnnditinna  desc.rihetl  ahove — cauae  urJc  aad. 
to  be  excreted  in  excess  mast  first  of  all  become  converted  into 
tartronic  a^^id  or  into  dialuric  acid,  hciorc  they  form  uric  acid. 

Can  eimihii'  bodi^-f;  produce  hHc  acid  synthfsi^  in  mavimnlsl 
We  have  already  inoidentally  nK'ntioned  that  in  mamnialri  duch  tL 
synthetic  process  is  improbable  under  normal  conditions.  If, 
however,  cert£.ui  cf  these  bodies*  vhich  exaggerate  the  synthesis  in 
birds,  he  administered  to  men,  an  increase,  smatl  indeed  but  still 
perceptible,  is  seen  in  the  uric  acid  excretion  (Wiener) ;  and  since 
there  is  reason  to  lielieve  that  lactJc  add  is  produced  aa  a  bye- 
product  of  metabolism  in  the  tiseuea*  a  synthcsia  of  uric  acid  in 
mammals  is  quite  conceivable-  It  is  at  present  an  open  qucatioa 
and  te<^uirc8  further  investigation.* 

>  Wkner  lus  Iried  to  provo  bia  oonLeclion  of  n  aynltmBifl  existhiff  In 
m&inniAlft  b^  an  experiment  in  whic^h  lie  perfu.ied  the  llvqr  pf  osca  viih 
■  9ubat-Anc«  conEnlnecl  In  lUi?  a1c<jhollc  ci^tmct  uC  r&rluixa  de-^uils  (uuil  wliicli 
GOEllHinird  riG  purlu  bodiet},  Jiiid  fauud  a  (JiDdncLJou  of  uric  acjiL  If  fi^uttio^  of 
iirlo  taiCi  eiiaiit  at.  nil  under  ncrujul  u^uJillou^  in  luiiuitu^t^.  vv  If  ic  unlj  abULing 
wh^re  nn  exoi^sa  of  the  rfirbt>n  r&iidue  U  iiri-^aentt  In  undetecmiDed.  TLelatiei  La 
tht  view  ol  liurUn  and  Scliiir,  nnA  U  rhe  more  probiibla  uTatt  uf  .iflainJ.  Rurtwi 
liFu  further  thown  thai  Inrttouic  nJid  (tiaJutio  n^ji'N  hiva  ibe  power  of  Bi3<:e]«- 
iMing  the  oolJciD  of  xAuthiu-ax^daie,  whicli  would  ziccount  for  tbe  increoiQ  el 
uric  Bci<t  in  the  v:t'a  liver  whea  the  bndicB  mro  p^rfuwct  ifaruugb  it. 
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In  pasaing,  it  may  be  mentioned  here  tliat  a  syntliesia  of 
nric  ftoid  from  glycin  and  urea  has  also  bppn  sTipposod  t.o  exist 
in  nmrninals.  Theae  two  liodies  t^n  ha  combined  into  uric  acid 
in  the  lahi:>ratDry  (Horhacsewaki).  Gl^ln  (amido  acetic  acid, 
CHoNHflCOOH),  it  will  bo  remembered,  cnterj*  into  yet  another 
syTithetic  proceea  in  the  organism  ;  it  Liiitea  with  benzoic  acid  to 
form  hippiiric  acid,  ao  that,  if  benzoic  flcid  be  present  in  exceaa  in 
thi?  tiflsut'S.  uit  in(;ri.*aseJ  excretion  of  hippuric  arid  iTMulta-  If  uric 
acid  ia  alrto  formed  from  glycin,  we  would  expect  its  excretion  bo  be 
dimjiuahed  when  the  available  glycin  in  the  organism  is  all  aom- 
bined  with  benzoic  Hcid  to  form  hippuric  acid  as  by  feeding  wit^ 
benzoic  acid.  In  othi*r  words.  wt»  would  expect  the  uric  and 
hJppuiic  acid  excredoua  to  hear  an  inverse  ratio  to  one  another. 
Such  ia,  however,  not  the  case.  Feeding  with  substances  containing 
benzoic  acid^  or  which  yield  it  in  the  proceas  of  their  metabolism, 
cause  a  marked  increase  in  hippuric  acid  excretion  without  causing 
any  change  in  that,  of  uric  acid.'  That  urea  and  glycln  when 
given  in  excess  to  mammab  do  not  inrtuence  the  uric  acid  eJtcretiou 
haa  moreover  been  shown  by  Horbacaewaki  and  Weiss  {^]. 

The  urinary  puri^^  of  mamtnaU  are  practicaUy  aU  pro- 
duced hy  some  procens  dij}h'ent  from  that  obtaining  in  hi}'d4. 
Thifl  procesfi  we  havt?  seen  to  he  an  oxidative  otib,  and  the  ttuh- 
stancca  which  arc  thus  oxidised  to  be  other  purin  hodiea.  The 
purin  bodies  which  arc  constituent  parte  of  the  animal  tissues 
are  the  oxy-purina  (xantliin  and  hypoxanthiu)  moat  abundant  in 
mnsfile,  and  the  amido-purins  (guanin  and  adenla),  integral  parts 
of  nueleiu.  FviU'i  Ifieac  two  aou.rcrft.  Uteti — fvmii  nMclfin  and 
from  mitscidar  6'*tu^ — endogenous  jntrins  w.i<}ht  be  derlvrtZ.' 

Among  the  tissue  nucleins  whicti  are  conatantly  undergoing  dis- 
integration, are  those  of  the  leucocytes;  an  increased  leucolysis — 
cell  destruction  elsewhere  remaining  constant — should  eonsetjuently 
run  parallel  with  raiaed  enJogeiioua  purin  excretion.  Now,  in- 
creoised  lcucol5"aia  occurs  in  certain  forma  of  leucocytha-mia,  and 
one  of  the  titBt  indications  of  tho  origin  of  endc^iioua  purina  waa 
fumiahed  in  1866  by  the  discovery  of  Bartels  (*"),  that  a  large 

'  A  dlot  of  fruits  has  been  *ajd  to  rliraint-*b  \h*i  eicrption  of  urlo  iCJd  and 
IboreBaa  ihai  of  hlfpuric  ncii].  ticcaoie  oi  aa  or^iuiEc  acid  whidh  tbc^  DonULin- 
Thia  acid  iu  coi>vertcd  into  boaz'^ic  naiil  jn  its  pa££ugc  ilirma^h  the  Ii^suceIt  iieocD 
tbc  incraaac  of  hippuric  »dd.  TIil'  ouppoacd  diuiinLiriun  of  uric  acid,  honfiiei-, 
Lum  leceotlj  b««D  fhowq  Lo  be  incortocb- 
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amonnt  of  uric  add  la  contained  in  the  urine  of  leucocythremic 

patienta(^).  Some  years  later  (in  18811}  Horbacsewski  (*),  after 
showing  that  by  blowiaig  air  thrangH  a  mixture  of  Bplecii  pulp 
and  blood  uric  acid  ia  formed,  brought  forward  the  hypotlieais 
tbat  all  the  uric  acid  in  the  urine  is  derived  from  the  nuclein 
of  lencoeytes.  According  to  this  view  even  nuclein 'Containing 
fiX)d  inoreaaea  the  eiscretion  only  because  U  induces  an  increased 
leuDolyaia, 

To  prove  this  hjT)othpaia,  Horbaczewski  maJo  estimations  of  the 
number  of  leucocytes  per  cubic  millimetie  of  blood  removed  from 
a  peripheral  vesaeJ,  and  compared  tbJH  result  with  the  two-bourly 
uric  acid  excretion.  Ke  found  them  to  run  parallel.  Where 
leucocytoais  (Lucreaacd  number  of  leucfKjytes)  existed  there  was 
increased  uric  acid  excretion  {e.;/.  in  children,  during  the  absorp- 
tion of  food,  after  the  administration  of  pilocarpine,  &o.);  where, 
on  the  other  band,  tlie  number  of  leucocytes  was  subnormal  there 
was  a  aubncnnal  uric  acid  excretioo  (after  q^uiuine  and  atropin). 
He  considered  hie  doctrine  confirmed  by  numeroua  cbnical  observa- 
tiona  in  which  a  high  purin  excretion  was  associated  with  a 
peripheral  leucocytosis.  Even  where  extreme  and  acute  tissue 
disintegration  existed,  as  jn  inanition  and  phoaphonia  pomomng, 
and  a  hyper -excretion  of  purina  waa  present,  none  of  the  latter 
was  supposed  to  come  from  the  nuclein  of  the  tissue  colla,  but  all 
of  it  from  leucocytie  decay  induced,  according  to  Horbaezewski, 
by  tbe  liberated  tissue  iiucleins.  The  liberated  tissue  nucleins 
acted  as  atimulanta  of  leucOL^tic  disintegration. 

This  hypotbesia  was  accepted  as  correct  by  nearly  all  workers. 
Even  where  the  number  of  leucocytes  ppr  cubic  millimetre  of 
blood  did  not  run  parallel  with  the  uric  acid  excretion ;  evon 
although  some  observers  found  no  increase  in  the  latter  in  marked 
caees  of  leucocytrhtemia,  and  othera  a  normal  uric  acid  excretion 
where  the  leucocytes  were  much  diminished  in  amount,  no  one 
doubted  the  truth  of  the  hypotheaia.  By  the  eserciso  of  a  vivid 
imagination  it  was  possible  to  explain  away  all  difficulties :  if  the 
uric  acid  excretion  were  normal,  but  the  leucocytes  inrreased  in 
the  blood  of  a  }>eripheral  veasel^  the  increase  of  the  latter  must 
be  entirely  due  to  increased  production,  their  deatruction  remain- 
ing  constant ;  the  former  process  must  have  been  more  active  for 
some  time  and  the  destructive  forces  not  able  to  keep  down  the 
leveh 
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Amongst  those  who  first  questioned  lIorbacze'waki'B  kypotheaia 
was  Mftrca  (™).  He  admitted  that  uric  acid  was  a  product  of 
the  metaboliam  of  cells,  but  pointed  out  that  qU  tiesue  cells^ 
leucucytes  ini'Iuded,  coritrilmted  their  share  to  its  production.  He 
agreed  witli  Horbacaewski  in  auppoaJng  that  nuclein  given  in  the 
food  OTilj  iadirectly  caused  incieaaed  puiio  excretion  by  stimu- 
lating cellular  metabolism. 

Horhttczcwski'n  hypotheaia  in  ita  entirety  ia  held  nowadays  by 
oiJy  a  few  workers.  The  fallaey  of  aaauniing  increased  nr  diminished 
destructton  of  leucocytes  fiom  the  number  in  a  cubic  millimetre  of 
blood  from  a  peripheral  veaacl  has  been  pointed  out  by  Gold- 
Bcheider  and  Jakob  (^)-  These  workera  found  that  where  the 
number  of  leucocytes  fell  in  a  peripheral  vessel  from  any  cause, 
there  was  a  corresponding  increftse  of  leucocytes  in  the  capillariea 
of  the  organs  (f,^.  lunga).  Such  drugs  aa  atropio  cause  a  peri- 
pheral hypoleucocjtosia  hut  a  central  leucocytoaia,  Of  courae,  no 
one  denies  that  soma — it  may  be  a  large  proportion — of  the  on- 
dogeuous  purins  are  derivad  from  the  nuclein  of  leucocytes,  but 
that  other  cell  nuclei  also  contribute  is  shown,  among  other  things^ 
by  the  Increased  endogenous  excretion  in  pliosphorus  poisoolng 
(where  the  liver  cells  arc  breaking  down),  and  by  tha  fact  that 
there  are  eome  eases  of  leucocytoBis  unassoeiated  with  a  raised 
purin  excretion,  and  tw  iv/.s'rf  cases  of  leucopenia  (dimioialied 
number  of  leucocytes)  with  a  normal  excretion  {^\ 

Doubtless  a  parallelism  between  the  number  of  leiu^ocytca 
ju  a  peripheral  blood-vessel  and  the  uric  acid  excretion  Is  a 
common  experience,  not  because  the  two  are  related,  but  bocauee 
both  are  the  result  of  a  commou  anomaly  in  some  organ,  of 
the  body.  Even  granting  that  tissue  nucleins  are  a  source  of 
purina,  cellular  metabolism  can  a(>arcely  be  considered  as  active 
enough  to  account  for  more  than  a  small  fraction  of  the  0"3-0"6 
grm.  of  endogenous  purins  excreted  by  a  man  in  twenty-four  hours. 
This  amount  of  purin  would  correspond  to  nearly  100  grm.  of  such 
glands  H^  the  thymus  or  pancreas,  and  it  is  highly  improbable 
that  ci^Ilular  break-dowu  to  such  an  extent  could  ensue  in  the 
animal  body. 

We  are  co'inpdM,  ther^f*>re,  to  voTicludn  that  nud^iit  ia  not 
tlie  main  source  of  endogevotis  purins. 

Siven  has  shown  that  excessive  muscular  work  causes  a 
distinct  rise  in  the  endogeooufl  moiety,  pointing  to  ihs  jnusclu 
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M  a  poaeible  source  of  purins,  and  very  recently  Barian  hae 
brought  forward  evideace  which  places  beyond  all  doubt  this 
musciilar  derivation^  and  which  indeed  would  seem  to  fibow  that 
moat  of  the  endogprniuH  moiety  \i  thus  derivRd. 

Two  types  of  experiment  were  employed  by  Burian  to  ntudy 
thia  question.  In  the  odc,  an  estimation  of  the  cndogenoue 
purins  waa  made  in  the  iirine  excreted  every  hour  from  ti  a,m. 
to  2  P.M.,  during  all  of  which  time  the  person  (Burian  himself) 
lay  perFeetly  quiet  in  bed  eieept  for  one  hour  (1>-10),  when 
strenuouH  muscular  cKerciae  was  practised.  For  some  time  pre- 
vionfi  to  the  commencement  of  the  obflervation  (from  U  pm.  on 
previous  day)  and  during  itr  no  food  was  taken.  In  some  of 
the  obaervationa  a  day  of  complete  muacalar  rest,  in  others  a 
day  of  considerable  mnReular  exercise  (&  long  bicycle  ride),  pre- 
ceded thr  actual  ohflervution  day. 

It  waa  found  that  the  urine  collected  during  the  work  hour 
already  showed  a  small  but  yet  distinct  increaaa  in  the  purin 
baeee,  tlie  amovnil  of  uric  arid  being,  however,  as  yet  not  in- 
creased. During  llie  hour  following  the  work  bout,  this  increase 
in  the  basic  purins  had  very  greatly  inctcaacd,  and  the  uric  acid 
had  al£o  begun  to  show  some  increase.  During  the  second  hoar 
foUoAving  the  work,  the  basic  purin  excretion  hnd  begun  to  de- 
crease, hut  that  of  the  uric  arid  had  now  become  markedly  raised. 
After  thia  time  both  the  basic  and  acid  purin  excretions  became 
less,  until,  in  about  four  hours  after  the  work,  the  normal  had 
been  reached,  beyond  which  the  excretion  was  stib^iotinal  for 
some  time,  lasting  even  till  the  next  day.  On  account  of  thia 
ultimate  diminution  in  the  excretion,  It  was  foiinrl  that  the  early 
morning  purin  excretion  was  always  less  when  muscular  work 
had  been  practised  on  the  day  previous  to  the  observation  than 
when  there  had  been  museuUr  rest.  It  is  no  doubt  on  account 
of  this  diminished  excretion  following  the  increase  that  very 
little  change  has  been  found  by  other  workers  to  occur  in  the 
dtiihj  purin  excretion  when  muscular  work  was  practised:  the 
increased  excretion  due  to  work  being  f^jllowed  by  a  subsequent 
diminution,  the  total  effect  on  the  dally  excretion  would  be 
masked. 

In  the  second  type  of  experiment,  Burian  perfused  the  musclcE 
of  the  hind  limbs  of  a  dog  through  the  abdominal  aorta  (von 
Frey'fl   method)   with   detibrinated    dog's    blood  diluted   several 
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times  with  Hinger'a  Huid.  He  examined  the  [jerFuaing  fluid  for 
uric  acid  before  and  after  perfusing  ib,^  In  some  of  tbe  experi- 
mental the  muaclea  were  kept  at  restj  in  others  they  were  thrown 
into  tetanus  by  stimulating  the  spinal  cord  with  an  induced 
current. 

It  was  found  that  before  perfusion  no  purina  could  be  detected 
in  the  perfusing  fluid,  but  that  after  perfuaion  purina  appeared, 
and  that  these  were  more  abundant  when  the  musclca  bad  been 
active.  Of  great  interest  was  the  further  diac^ovcry  that  the 
purin  increafle  due  to  muacnlar  ai^tivity  eKisted  not  only  during 
the  actual  working  time  but  for  some  time  after  it,  and,  further, 
that  the  increase  was  largely  in  basic  purins  during  the  woilci 
and  in  uric  acid  in  the  following  periods.  These  reaulta  entirely 
agree  with  those  obtained  by  an  examination  of  the  hourly  purin 
excretions.  An  eiamination  of  the  muflclea  themselves  also 
showed  an  increase  in  the  punn  baaes  (hypoxanthin)  as  e.  result 
of  contraction. 

From  those  experiments  Bunan  eoneludes  that  hypoxanthin 
must  be  continually  produced  by  the  muscles,  and  that  this  pro- 
duction iif  inerenaed  by  musculfi,!  contraction.  Before  it  gains 
entrance  into  the  blood,  however,  it  is  oxidiaed,  by  xanthin- 
oxydaaCn  into  uric  acid.  Oi  tbe  uric  acid  thus  produced,  a 
portion  is  destroyed  and  a  portion  excrete d^  the  proportion 
varying  in  different  species  of  animals  (integral  factor,  p,  411). 
This  destruction  is  brought  about  by  the  cleBtnictive  ferment 
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Tf  noil-fatal  amt^unts  of  certain  bacteria,  or  of  c&rt«iii  toxina 
produced  by  bacterial  growth,^  be  repeatedly  inocuIaLed  intrt 
fiuaceptible  animab,  a  day  or  so  itttcneiUDg  between  each 
inoculation,  it  will  be  found  that  the  animal  aeqmroa  the  pow^r 
of  withstanding  larger  and  larger  doaea,  and  ultimately  can  tolerate 
&a  amouat  muiiy  timea  greater  tha:i  tlmt  which  ^ould  h&ve 
proved  fatal  before  the  inoculations  began.  These  facta  have 
been  known  to  bacteriolOjO^sts  for  several  years,  the  animal  thua 
treatEd  being  described  aa  immunifcd  against  the  baoteria  or 
toxins  ill  ([iie^tion.  It  h^A  further  been  shown  that  it  is  the 
blood  which  acquires  this  immunising  property,  and  that  the 
process  can  to  a  large  extent  be  studied  in  vitro — for  example, 
by  miKing  somo  immunised  blood  serum  with  a  suspension  of 
bacteria  and  observing  the  bacteria  under  the  microscope,  or  by 
nuxing  the  aerum  with  some  toxin,  and  then  seeing  whether  the 
mixture  is  still  toxic  when  injecteii   into  li  BiiHceptihle  animal. 

These  means  of  studying  the  antibacterial  or  antitoxic  action 
of  serum  require,  however,  patient  observation,  and  the  effect 
produced  can  only  be  measured  quantitatively  by  extremely 
laborious  inethods 

Within  the  lant  two  or  threo  years,  however,  it  haa  been 
shown  that  substances  which  behave  like  bactericidal  and  antitoxic 
bodies  can  bo  prcxlucod  in  the  tiauue  fluids  by  the  injection  into 
an  animal  of  various  cells  other  than  bacteria,  and  of  poisons  other 
than  those  of  bacterial  origin.  Inohided  amongst  the  toxic  cells 
are  the  red  blcHnbcorpiiacles  q[  an  aninnal  belonging  to  a  different 
species  from  that  from  which  the  corpuscles  are  derived.  The 
destruction  of  the  red  corpuscles,  or  erythrocytes,  ia  indicated  by 

1  Bocteriul  toxiud  laay  Irfl  excteLc*]  (tiioCoxina^  and  past  in  tbe  blood  to  parta 
ol  thtr  Lodj  rcQiutD  froQi  thu  aeat  of  iiiDciiliiLiDD.  or  tho  puisju:*  may  be  cLoacly 
boand  wlrU  tbs  mlcrDbo  (vadoLoiinB]  aad  hp  set  free  only  after  dls:icltit]cii  of 
ihi-  mlirobe,  Thi>  ciffttta  cf  the  hrist  to  combat  tbe  t*o  Torm*  of  inlMiMlion 
are  dilEerflDt  in  manner.— (£W if rjr'«  A'oec,) 
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tbeir  basing  no  longer  capable  of  retainiug  bastnogbbiD,  tlif;  l&tter 
leaving  the  corpuaclea  to  become  disaolved  in  the  aerum.  This 
lakirtg  of  the  blood  can  be  eaaly  obaen'od  in  &  test-tube  &s 
the  nornifill^  opaque  auspenaton  of  corpuaclea  changes  to  a 
transparent  solution.  By  thia  means,  then,  wi?  are  furnished  with 
a  ready  mtthod  for  atudyiiig  the  Uws  wliich  govern,  and  the 
conditions  which  inliucnce,  the  production  of  anti-bodiea  towards 
foreign  cells  in  general. 

It  will,  cf  couTsef  be  impoafflble,  in  this  lecture,  to  deal  with  the 
general  question  of  immunity  in  all  its  !wipectfl  ;  all  that  can  be  at- 
tempted Ls  to  discusa  briefly  the  laws  whi<^h  govern  the  proifuctJon 
and  action  of  acti-hodica  in  general,  taking  hiieDiolysia  aa  a  type  ;  and 
to  indicate,  here  and  there,  by  way  of  example,  some  of  the  more 
important  applications  of  these  laws  to  Physiology  and  Parhology. 

On  thoroughly  understanding  the  protx^sa  of  hs-tjiolyflis,  no 
difficulty  will  be  experienced  in  imderstariding  such  procesaea  aa 
thoBQ  of  hackriolms  (dcBtrufition  of  bacteria),  cytolysia  (destruc- 
tion of  cells),  agglutination,  and  precipitin  formation.  In 
studying  the  process  of  hffmolyHiB  we  shall  inddentally  find  it 
advantageous  to  consider  antitoxin  formation. 

HiejiioJtfsis. — 'A  red  blood  -  corpuscle  ia  composed  of  an 
envelope  or  membrflne  filled  with  ba-mcglobtn,*  The  envelope 
(and  stpomi)  eonaiats  chemically  of  three  aubstances:  the  phoa- 
phoriaed  fat  lecitfiin,  the  Uiini'aJomic  alcuhol  rholesterin.  a.nd 
a  nucleo-proteid ;  and  it  prsventa  the  hemoglobin  from  leaving 
the  red "  blood-corpusclea  and  becoming  dissolved  in  the  blood 
plaama.  Thia  envelope  ia  poaaeaaod  of  a  certain  amount  of 
vitflLty,  for  if  it  be  tilled,  it  can  no  longer  prevent  the 
diffuaion  of  hiemoglobin  into  the  surrounding  fluids^  30  that 
taking  of  the  blood  renulta.  Any  protoplasmic  poison  will  kill 
the  envelope  and  cause  heemolysia,  because  the  osmotic  pressures 
of  eerum  and  corpuscular  contents  arc  not  quite  the  same,  that 
of  the  serum  being  a  little  lesa  than  that  of  the  corpuscular 
contents.  Physiologists  have  for  long  recj^gnised  this  as  the  cause 
of  the  hiruiolyeU,  which  is  produced  by  the  repeated  freeiing  and 
thawjng  of  the  bloody  or  by  tlie  addition  to  it  of  certain  chemical 
poisons.  Other  poisons,  e^.  sapotoxin,  HccTr  to  damage  the 
envelope  by  uniting  with  the  choleaterin  and  poasibly  with  the 

'  Bcine  workern  thisk  that  there  is  alio  a  itroma  or  i^pODf  e-work  In  the  Inierior 
of  the  ourjiu«o[s.(^) 
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lecithiTi  to  form  a  eubatftnce  that  ia  soluble  in  water-  Others,  like 
ether  and  chloroform,  probably  directly  diaaolve  out  these  aub- 
fltfiiires,  Choiestprin  (and  lecithin)  bping  tlma  removed,  the 
permeability  of  the  envelope  ia  incieaaed,  and  the  normal,  very 
slight  difference  in.  molecular  corLcentration  between,  plasma  and 
corpuscular  contents,  bccomcB  euflicicnt  to  dotcTniinc  diffusion  of 
the  latter  into  the  former.'  Lecithin  and  choleateriii  are  normally 
very  insoluble  in  water,  and  no  doubt  form  the  moat  impervious 
part  of  the  envelope- 

In  the  case  of  biological  poiaona  which  we  are  about  to 
describe,  the  same  explanation  is  possible ;  something  ia  changed 
in  the  envelope  ao  aa  to  increase  its  permeability.  Thus  Bauin- 
gaiten  has  noticed  that  the  first  stage  of  hwmolyaia,  as  produoed 
by  biologicval  poison,  i&  the  swelling  of  the  corpuscles*  juat  aa 
occurs  when  the  serum  is  made  hypiaotonic.  He  finds,  further, 
that  heating  hfemolytic  serum  to  55'  C.  does  not  in  any  way 
influence  its  osmotic  pressure  (freezing-point  and  electriwil  con- 
ductivity remain  unaltered),  whereas,  as  we  shall  see  later^  ita 
hemolytic  power  is  destroyed,  We  must  suppose,  therefore, 
that  the  hs^molyain  aSects  the  permeability  of  the  envelope — 
perhaps  by  combining  with  ths  lecithin  or  choleaterin — and  the 
slight  an-isotonic  condition  of  corpnseles  and  serum  is  then 
sufficient  to  deterTnine  a  difTiision  of  liffimoglijbin.  By  observing, 
under  a  microacofje,  thij  behaviour  of  the  nucleated  erythrocytes 
of  amphibians  towards  spoci£c  htcmolysina,  it  has  been  attempted 
to  determine  whether,  or  not,  hfemolysin  really  kills  the  corpuseles. 
The  nueleufl  Joes  not  undergo  destnicticin  in  the  process  (Landau  ^), 
ao  that  it  would  appear  as  if  the  permeability  of  the  envelope 
had  aloue  been  affected. 

Ha?molyaia  may  alao  be  produced  by  an  entirely  different 
cause  from  that  doacnbcd  above,  viz,  by  the  disturbance  of  the 
osmotic  equilibrium  of  the  plasma  and  corpuscles.  So  long  as 
the  osmotic  pressure  of  the  fluids  in  which  the  corpuscles  are 
auapended  is  almoat  the  same  as  that  of  the  corpuscular  contents 


^  Ab  Stewart  (-)  lut?  pointed  ou^  liloori  "Inkyra"  arrt  divided  into  two  gronpH, 
aooordiog  to  wbdbcr  tliej  uelu.^&  Lhs  bemn^kjbtn  tilonc  to  lenve  the  corpuBrlo — 
attdlal-erit,  c.fi.ha-^Dio^viio  stm,  frei-'Bing  and  tlmwifi}^— or  p1pi>  caueo  iiioTgartia 
ultB)  i.f,  elcutcolTturtH  tube  eJtItacled— fl'ttrc  f'l^rm,  (,y,  heat,  water,  kc-  TliC 
Ijiuer  rj[QU[]  cauBtr  tlifl  eleciricJiI  cijLducliTJty  ol  4|ic  Bimpcndiij^  LDtdiiiiu  (t>eriioi) 
tD  bG  LDcrea^ied  wIied  liitmaljiis  U  produced,  tUe  foraicr  cnubc  uo  uucb  ircieaied 
conductivity. 
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(that  U,  ttat  they  bave  the  same  molecular  concentration)  and 
the  envelope  ia  uninjured,  no  hffimolyais  will  result.  Any 
sucb  solution  is  said  to  be  isoUniic  wilt  the  corpiiRcles.  If, 
however,  the  osmotic  proasure  of  the  eurrounding  Buid  be  leas 
than  that  of  the  corpuscles  (hypi&otonic),  then  the  corpus^iles  will 
absorb  water^  and  becoine  HWullsn  and  pale,  and  ultimately  the 
envelope  will  burat  and  so  let  loose  th»  hBumoglobiu,  This  law 
of  oamotic  equiUbriuni  doca  not,  however,  hold  for  all  salts  or 
neutral  bo<iio3 ;  thua  ammonia  salts,  in  whatever  concentration, 
cause  the  corpiisclea  to  lake,  and  the  same  ia  true  for  urea. 

We  must  distinguish  aharply  hetwcpn  these  two  classea  of 
hemolytic  agencies:  those  that  poison  the  envelope  but  do  not 
ftlter  the  osmotic  relationship  of  corpusclea  and  aerum,  and  those 
which  primarily  alter  the  isotonic  condition  so  that  certain  mole- 
onlofl  {water,  &c-)  diffuse  into  the  eocpiisolei  causing  the  latter  to 
distend  till  it  biiratfl,  anrl  bo  lets  loose  its  hemoglobin, 

included  in  the  group  of  toxic  hemolysins  are  a  number  of 
peculiar  bodies  which,  under  certain  conditions,  may  become 
developed  in  the  blood  serum,  or  may  be  present  in  normal  serum, 
or  in  various  tiesues  or  fluids  of  animal  or  of  vegetable  origin- 
These,  in  their  general  behaviour,  are  so  like  antibacterial  bodies 
and  cell  poisons  in  general,  that  it  Is  of  great  importance  they  j 
BhouH  be  thoroughly  understood.  I 

It  is  to  Bordet{*)  that  we  owe  the  discovery  of  biemolyBins. 

The  blood  serum  of  a  guinea-pig  added  to  a  Ti  per  cent-  suBpension 
of  the  erythrocytes*  of  a  rabbit  In  isotonic  salt  solution  produces 
no  laldng.  If,  however.  3-5  c.c.  of  defibrinated  rabbit's  blood  be 
injected  several  timee  into  the  peritoneal  cavity  of  a  gimiea-pig,  a 
few  days  elapsing  between  each  injection,  the  serum  of  the  injected 
gninea'pig  will,  when  added  to  a  BiLspensiori  of  rabbit's  eryth- 
rocytes, be  capable  of  quickly  lakJng  them.  A  hemolysin,  i^pnble 
of  kiUing  the  envelope  of  the  rabbit's  erythrot-yte^  and  so  allowiug 
the  hjtmoglnbin  to  diffnsc  through  it^  is  thus  produced  in  the 
giUDea-pig's  blood-  If,  instead  of  rabbit's  erythrocytes,  the  eryth- 
rocytes of  any  other  ammal  be  riiixe<i  with  this  hemolytic  senim, 
no  hffiniolysifl  will  results  or  only  a  sLght  amoinit.  The  htemolysin 
is  therefore  specijio  in  its  action. 

'  Heroatier,  the  term  erjthroojrte  »U1  bo  uaed  inBtcftd  of  red  oorpoitcle. 
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Similarly,  if  frog'a  btood  lie  irijectwl  into  a  rabbit,  the  serum 
of  the  latter  will  kke  frog's  erythrocytes ;  although,  b  this  caae^ 
the  apecitic  nature  of  the  hfcmolyaio  ia  not  so  dcfinitp,  for  the 
jrpuBclefi  of  the  aalamonder,  triton,  toad,  kc.,  are  also  Inked  by 
thia  aerura. 

Tt  may,  therefore,  be  stated  a.A  a  law  that  fltf  blnoil  atriim  of  an 
animal  of  u  species  A,  wlicn  tfiitt  anirtial  is  repeatr^dly  treated 
Aoitk  the  hiocd  of  a  8pe^ic8  B,  acqtiii'ea  thr.  prtrpeHy  of  caving 
^htsmolyBia  of  the  erythrocytes  of  species  B,  and  to  a  leas  extent 
of  other  species  of  the  same  genua  as  B.  Not  only  intraperitoneal, 
but  &lao  flubi;iitaneoiia  or  intravenous  injection  of  the  blood,  wiJl 
lead  to  the  production  of  the  hEemoiysin-  Hoemolyaina  may  also  be 
produced  by  feeding  an  animal  with  the  blood  of  another  apeciea. 

This  laking  can  be  raoet  conveniently  studied  in  a  teat-tube^ 
the  erythrocytes  to  be  tested  (of  B)  being  first  of  all  washed  free 
of  atlherent  Heruin  by  shaking  then  with  isotonic  salt  aolutlon  and 
centrifogalifiing  until  the  waaiunga  no  longer  give  a  proteid 
reaction,  then  suspending  in  2l>  parta  of  iHotonic  aaline.  Into  each 
cf  a  aeriea  of  narrow  teat-tubefl  of  about  5  c.c.  capacity  is  placed 
1  c.c.  nf  the  corpuscular  auapension-  DiffeiBot  amounts  of  the 
eerom  (1  ex.,  '5  c.c*,  '25  &d<,  1  c.c,  ^05  c.c,  '025  c.c-,  and  so  on) 
to  be  tested  are  then  mixed  with  the  erythrocytes,  the  fluid  in  each 
test-tube  is  brought  up  to  a  Jefiaite  amount — aay  2  c.c. — the  teat' 
tubes  are  inverted  aeveral  times  so  as  to  mix  their  contents,  and 
are  then  placed  in  the  incubator  for  a  few  hours.  La.king  ia 
indicated  by  the  salt  solution  becocniug  red  and  traufiparent  on 
account  of  the  hEcmoglobin  dissolving  in  it. 

Hxmolyds  may  aUo  occur  in  the  bJood-veseels  on  the  injec- 
tion of  a  specific  hemolysin  into  an  animal.  The  liberated 
haemoglobin  in  such  rjisps  apimars  in  the  urine,  and  vario^u*  other 
symptoms  are  produced,  being  usually  followed  by  the  death  of  the 
animal  This  fact  was  diacovcred  by  Bclfanti  and  Carbone. 
Before  Bortlet'e  article  appeared  theae  authors  injected  rabbit's 
blood  into  horsea,  and  found  that  the  horsea'  aerum,  when  injected 
into  &  rabbit,  acted  as  a  violent  poison,  producing  hemoglobinuria 
and  being  followed  by  death, 

Bordct  further  discovered  that  beating  the  hcemolytic  serum 
of  a  guinea-pig  to  55°  C^  for  half-an-hour  deprived  it  of  ita 
hemolytic  power  towards  rabbit's  erythrocj^s.  It  bad  become 
inacUvtittd  by  heatin|^;  therefore  Honititbing  necessary  for  htemolyaia 
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had  biM'n  destroyed-  The  inactivated  serum  could  be  reactivatedj 
i.e.  made  again  ha?moK'tic  towarde  rabbit's  enlhrocyte^,  by  mixing 
it  with  some  normal  ^  guinea -pig*  a)  Btrum.  To  iimke  tbia  clear,  w« 
will  take  UN  actual  experiment.  A  guinea-pig  reoeivea  aeveral 
peritoneal  injectioris  of  rabbit's  defibrinated  blood  aintil  ita  Hood 
&enim  becomes  markedly  hfcmolytic  towarda  rabbit's  crj'tbroeytea, 
I.e.  until  a  fraction  of  a  eubie  eentiuietre  can  lake  1  c,o.  of  a  5  per 
cent,  suspension  ofrabbii^^erytliror^'tes.  Theluemolyticguinea-pig'* 
aerum  is  then  inactivated  by  placing  it  for  thirty-five  niinutea  in 
a  water-bath  at  J55^  C.  .\fcer  coaliiig,  an  excess  of  the  inactivated 
Berom,  added  to  the  auepen&ion  of  rabbit's  erythrocytes,  produced 
no  laking ;  but,  If  the  inactivated  serum  be  mixed  with,  a  niinut* 
quantity  (a  fraction  of  a  cubic  centimetro)  of  a  normal  guinea-pig'a 
aerura,  the  mixture  very  ijLiickly  hsnmolyaes.  The  amount  of  in- 
activated aernm  neceasary  for  taking  when  normal  aerum  ia  also 
preeentiftcxoeedinglyemall— 0-005^0  001  c.c.  being  sufficient  for  the 
complete  laking  of  1  thv}!  of  blood, ^ 

Two  things  must  therefore  be  nei^essaTy  for  ha*molyaia;  one  of 
them  present  in  inactivated  serum  (can  withstand  heating),  the 
other  in  normal  serum  (is  destroyed  by  liCatJng).  It  must  be  the 
former  of  these  {%.e.  the  heat-resistant  aubatanoe)  which  is  pro- 
duced by  injecting  the  erythrocytes  into  a  dii!erent  animals 
Regarding  the  other  (the  unstable  body,  which  ia  present  in 
normal  serum),  Nuttall  in  1838  had  shown  normal  aerum  to  poa- 
ftCAfi  antibacterial  properties,  and  Buchner.  later,  ahowed  it  to  be 
capable  of  partially  destroving  foreign  erythrocytes  aa  well  as 
bacteria,  Thia  Utter  worker  ascribed  this  power  to  the  presence 
in  the  aenim  of  a  Hubsr-anoe  which  he  called  ahj:iii,  and  thia, 
BoTdet  considered  as  the  ngenry  in  normal  serum  which  reactivated 
htemolytic  aerum»  previously  inactivated  by  heat.  The  substance 
which  inactivated  eenim  contained,  and  which  had  evidently  boen 
produced  by  injection  (since  it  was  contained  only  in  the  serum 
of  injected  animals),  Bordet  thought  to  be  of  the  nature  of  a 
mordant  According  to  him,  thl&  mordant,  or  substance  senatbitisa' 
trice,  as  he  named  it,  acted  oo  the  erythrocytes  by  making  them 
flcnsitive  towards  the  alexin.  Furthermore^  the  aenBitiaing  aub- 
stance  was  ahown  to  be  specific  in  its  nature^  it  would  aenfiitiae 
only  the  erythrocytea  of  an  animal  of  the  vame  apecies  as  that 
from  which  the  blocxl  for  injection  had  b^n  obtained.    On  the 

1  Quoted  £rDiD  Hani  Sachs. 
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ether  hand,  it  waa  noted  that  the  aleJun  of  any  animal's  aerum 
oouJd  complete  the  reaction.  H  in  tho  above  e;^perimeQtf  for 
example,  some  rabbit's  aerum  bfld  been  added  to  the  inactivated 
Bsrum  ifiatead  of  guinea-pig's  serum,  hffimolyaia  would  have  fol- 
loweil ;  and  if  the  rabbit  a  erythrocytes  had  not  b*:en  thofoughlj' 
Washed  free  of  adhe^-ent  fierum  (containing  a,le£in),  the  meic 
addition  of  inactivated  eorum  would  have  lakcd  them. 

To  these  observations  of  Bordet  on  ecythrooyteB,  might  be 
added,  for  the  »aWe  of  interest,  piiralle]  ones  by  PfeifTer,  Metchnikoff, 
and  Bordet  on  the  hehavinnr  of  cholera  vlbrloH  in  the  tifi^ue 
fliiida.  Under  normal  conditions  these  bacteria  very  quicfcJy  kill 
a  guinea-pig.  It  waa  found,  novortheleja,  that  a  normal  guinea- 
pig's  serum  csn  destroy  a  vcr;/  anaU  auioituf  of  cholera  vibrios, 
Thia,  the  nenim  do^s  in  virtue  of  an  alexin  which  it  contains. 
The  moat  important  diHUDVery  from  our  point  of  view,  however,  is 
that  a  ^nsitiaing  i^ubataace  could  be  developed  in  the  serum  and 
the  bactericidal  power  of  the  latter  thereby  greatly  raised,  ao  that 
the  cboEem  vibrios  soon  become  immobile,  and  die  when  mixed 
with  it,  Tf  repeated  aub-lethal  dosea  of  cholera  culture  were  in' 
jected  in  gradually  increo^iing  amuunt  into  the  peritoneal  cavity  of 
a  guinea-ptg,  the  acrum  of  auch  an  immunised  animal  became  able 
to  destroy  quantitiea  of  cholera  vibrios  which  would  otherwise  have 
killed  many  guinea-pi^;  and,  even  if  the  immune  serum  were 
injected  into  a  normal  guinea-pig,  could  endow  the  latter  also  with 
resisting  powers  towards  cholera  infection.  If  the  aerum  were 
warmed,  or  left  atanding  in  the  air  for  some  time,  it  became 
inactivated,  and  could  he  reactivated  by  the  addition  of  normal 
flcrum,  or  by  placing  it  in  contact  with  the  peritoneum;  that  is, 
by  adding  an  tjh'-iiii  to  it.  Tbe  cholera  vibrios,  in  thia  process, 
behave  like  erythrocytes.  This  important  discovery  in  immunity 
ia  given  here  to  esomphfy  how  close  is  the  relationship  between 
hfemolysia  and  baeteriolyBis,  and  to  show  how  important  it  ia  for 
the  bacteriologist  to  become  acquainted  with  the  former  process, 
which  can  be  studied  with  ea.'^e  in  the  teat^tulje,  in  order"  that 'he 
may  be  able  to  infer  the  lawa  which  govern  the  more  practical, 
but  much  more  obscure  process  of  bacteriolyBia, 

Before  proceeding  further,  it  may  be  advantageous  to 
summarise  briefly  what  we  have  already  learned-  The  facta  so 
far,  ti»ei],  are  as  follows.  The  organism  Is  normally  endowed  with 
a  certain  amount  of  destructive  power  towards  all  cells  foreign  tD 
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its  tiasaea.  This  v.tfiolifiic  power  may  be  incr^aac-d  in  any  ammal 
br  the  repeated  injection  into  it,  in  non-lethal  but  gradually 
increaaing  dosage,  of  thcac  foreign  ceUa.  This  increased  cytolytic 
powot  depends^  not  on  an  increase  of  the  destructive  ag&ncy,  but 
on  the  dcve]a[)mert  in  the  tiasne  fluids  of  some  sulifitance  which 
incTBafles  thp  sensitiveness  of  the  invaiHng  cell  towarda  the 
normally  existing  defltruotive  agency  of  the  tissuea. 

Uordet's  esplanation  of  the  fact^  of  bacteriolysis  and  htemolysie 
doea  not,  howeverj  satisfactorily  or  completely  explain  all  the 
nbservei!  phenomena  of  the  formation  of  anti-lj()dies,  (i^.tj.  why 
the  sensitising  substance  flboulJ  be  so  remarkably  specific  In  its 
nature,  why  there  should  be  ao  great  an  increase  of  the  substance 
in  immune  blood,  &c.).  It  is  to  Ehrheh  and  Morgenroth  that 
we  owe  a  conceptiou  which  seems  to  explain  all  the  observed  facta. 
These  workers  have  evolved  a  iheorj'  whieb  has  become  well 
known  as  the  Bide-chain  theory.  This  theory  permits  of  consider' 
able  apcculation,  and  by  it  a  large  number  of  poaaiblc  conditions 
can  be  predicted  and  all  the  observed  facts  of  immunity  explained. 
It  is  of  fundamental  importance  for  us  at  this  stage,  therefore,  to 
thoroughly  master  the  details  of  this  theory,  and  the  experiments 
on  which  it  is  founded. 

Let  us  first  of  all  consider  the  simplest  conception  of  the  side- 
chain  theory-  Thia  appliea  to  (tntilo:i'i?i /oimafian,  li  a  bouillon 
culture  of  the  diphtheria  or  tetann.i  bacillus  lie  filterBd  through 
a  Paateur'Chflmberland  filter,  the  filtrate  will  contain  tetanus-  or 
diphtheria-toxin,  and  will,  if  injected  into  sn^eptible  animals, 
cause  death.  If,  however,  the  toxin  be  injected  at  intervals  of  a 
few  days  apart,  at  first  in  sub-lethal  doses,  and  the  dose^  gradually 
increaaed,  the  animal  will  become  immimc.  A  dose  of  the  toxin, 
many  times  in  excess  of  what  would  originally  have  killed  the 
Bnimal,  comes  t^  have  no  action  on  it.  Moreover,  the  scrum  of 
such  an  immune  animal  ^viH,  if  injected  into  another  normal 
animal,  protect  the  latter  also  against  subae<]uent  injection  of  the 
toxin.  There  must,  tlierefore,  he  something  developed  in  the 
blood  of  the  immunised  animal  which  can  jurtitiv^^-  the  toxin. 
This  is  tolled  antitoxin.  Ehrlich  saye  that  toxin  and  antitoxin 
unite  with  one  another  in  defijiite  quantitieis,  and  in  multiples 
of  these  quantities  ;*  that  cold  retards  the  union;  and  that  coii4 
centrated  solutions  reatit  cjuicker  thsn  dilute  ones. 

^  TliG  work  o\  Dat]  vf  z,  Craw.  &^c, .  show  thib  in  avt  so,  and  olTijrd  arldcrcc  la 
fiTODT  of  Bnrdec's  tliaor/. — {Eitttar't  Natt.) 
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To  explain  the  productioQ  of  this  antitoxin,  the  aide-cliain 
theory  Bupposes  that  the  protoplasm  or  biogen  of  the  animal  tisBues 
consists  of  a  central  nucleus  or  functionating  centre  {C  in  Fig.  21) 
attached  to  which  there  are  innamerable  arms  or  eide-chaina  which 
are  of  various  shapes  at  their  free  ends,  all  of  them  slightly 
difTerent  (AA).    These  aide-chains  are  concerned  physiologically  in 


'^'  'C 


Fia.  21,— Roceptora  of  Firet  Order  (Ehrlich'fl  tbeorj) ; 
Mechanism  of  Aniitojiiii  Formation. 

the  absorption  of  food  molecules,  which  must,  therefore,  be  hkewise 
provided  with  side  chains,  some,  or  all  of  which,  have  mouldings 
which  fit  on  to  some  of  the  mouldings  of  the  biogen  side-chains. 
It  is  only  by  becoming  locked  on  to  the  functionatitig  centre  of 
the  cells,  by  means  of  side-chaina,  that  the  food  molecule  can  be 
incorporated  with  the  protoplasm  of  the  cell  and  the  potential 
energy  which  the  food  contains  made  available  to  the  tissues. 
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After  this  ftHBiiuilotion  is  complete,  the  food  molecule  drops  off, 
as  it  were,  froni  the  side-chEiTiB,  and  so  leaves  these  free  to 
liuk  olh**r  similar  food  molecules  to  the  hiogen. 

The  molecule  of  a  tOJcia  (7*1  alst*  poaaessca,  Icaides  the  actually 
toxic  portion  of  it  (fox.),  a  combioiii^  aide-uhain  ^  {h/ip. },  and,  il  it 
BO  liappen  that  the  mouldings  of  this  tit  one  o£  the  moiddingB  on 
the  side-phaina  of  the  tissue  eella,  then  will  the  toxin  unite  with 
the  cell  and  piuducu  the  aymptouis  of  the  disease  -  {{2}  iu  Fig,  21 ). 
The  moat  eflicicnt  nnht^in  would,  therefore,  be  one  which  covered 
over  the  combining  mouldmg  of  the  toxin  molecule  ;  tho  uoion  of 
the  toxin  with  a  side-chain  of  a  tiuue  cell  would  thereby  be 
prevented.  Thia  proceaa  would  beat  he  atcnmpliahed  by  the 
presence  in  the  hicod,  in  a  free  state  (rp,  dis*x)nnected  from  the 
biogan),  of  the  same  side-chains  wliich  nonnally  anchor  the  tosin. 
Ehrheh  anppoeea  that  a  setting  froo  of  side-cliains  actually  takea 
pUee  when  antitoxin  ib  formed  ((3>  in  Fig.  31 ).  Antitoxin,  according 
to  hinij  IS  nothing  more  or  less  than  disrupted  tbaue  Bide-chaina. 
By  the  presence  of  these  in  the  blood,  the  toxin  molecule  will  have 
its  moulding  fitted,  in  othfr  words,  its  combining  power  satiafied, 
before  it  gets  to  the  cells,  and  will  no  longer  be  able  to  potaou 
these  ((4j  in  Fig.  21).  Ehrlich  compares  the  mechanism  to  the 
attraction  of  lightning  by  a  mass  of  iron.  If  the  iron  be  placed 
in  a  house  it  will  increase  the  riak  of  the  house  beiEig  damaged 
by  the  hghtning ;  but  if  placed  outside  the  house  will  save  it,  by 
attracting  tha  lightning  elflcwhere.  Tha  house  is  the  tiasuo  cell, 
the  lightning  the  toxin,  the  iron  the  antitoxin. 

The  cell  Hide- (.chains  aro  called  recepfJJrs,  the  combining  portion 
of  the  to^n  molecule  the  haptophoric  (p'oup^  and  the  actually 
toxio  portion  of  the  toxin  the  toxophoric  group.  An  antitoxin  acta 
by  fitting  on  to  the  haptophoric  group  of  the  toxin ;  the  toxophoric 
group  th«n  becomes  functionlcss  because  it  is  not  chained  to  a  c«U. 

How,  nowi  does  the  repeated  injection  of  toxin  in  gradually 
increoaiug  dosage  lead  to  the  liberation  in  the  blood  of  these  same 
receptors,  which,  when  attached  to  the  eella,  attract  and  fijc  the 
toxia  to  them,  and  thereby  cause  cell    destruction?     To  answer 


^  UnileT  curliftiu  ooaditiooA,  the  tojiic  portioD  of  a  toiin  njoloaaltt  m&j  bo- 
[^nic  defttrojecl.  buL.  tbu  cfjmlriiLiij^  portion  remuii  active.  Toxoid  {Td.  Ic 
Vlg.  2>l^  i»  thi!  name  glrea  toaDch  a  bodf^ 

'  Owing  to  tha  ibilltj  of  the  loiiDcs  to  Inm  towitfl  aome  partlfiDlar  owU 
Wright  caUi  them  '^ trfipiric^/'  Thus  t^LfiHu?  taiin,  which  baa  ah  affibllf  for 
Larte  proioplnim,  may  be  co-llad  "  nauro-tropic.^' — {Editor'M  fiulf.) 
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this,  Ehriich  and  Morgenroth  take  advantage  of  an  obaervation  of 
Weigert%  who  ahowol  that  when  a  tissue  is  injored^  the  ot^anism 
is  not  content  with  merely  making  good  the  defect,  but  reprodnces 
the  kiet  part  in  over  excess.  If  some  cells  be  destroyed,  repair 
does  not  stop  abort  when  these  have  been  replaced,  bnt  the 
repairing  process  goes  on  until  a  lai^  excess  of  cells  has  been 
produced-  Applying  this  observation  to  aotrtoxin  fonnatioa,  w6 
see  that  if  some  of  the  receptors  of  a  cell  be  rendered  fonction- 
less — through  their  free  ends  being  capped  by  uniting  with  the 
haptophoric  group  of  a  toxin— the  cell  will  reproduce  the  lost  le- 
ceptora  in  over  excess,  and  a  large  number  of  tKem  will  be  thrown 
into  the  blood,  where  they  will  float  free,  and  will,  on  coming  in  con- 
tact with  toxin  molecules,  fix  ou  to  their  hsptophoric  groups,  therebv 
Tendering  the  toxin  incapable  of  exercising  its  toxic  action. 

Let  us  now  see  bow  the  facte  of  fuBmolyAis  can  be  explained  by 
this  theory.  The  receptors  which  we  have  just  considered  are 
comparatively  simple  in  nature^  thej  possess  only  one  combining 
group-  Ehrtich  calls  them  recejtors  of  the  first  order.  To  explain 
hemolysis  by  a  similar  process,  such  simple  receptors  will  not, 
however,  suffice ;  for  in  this  process,  ss  a  result  of  the  union  of  the 
disrupted  biogen  receptors  with  the  invading  elements  (erythro- 
cytes), there  is  formed,  not  merely  an  inactive  body,  as  in  the 
reaction  between  toxins  and  antitoxins,  but  a  new  compound 
provided  with  a  combining  group  to  which  becomes  linked  the 
ferment  which  destroys  the  erythrocyte.  We  must,  therefore, 
have  receptors  which  combine  with  the  erythrocytes^  on  the  one 
hand,  and  with  the  actual  dissolving,  or  lysogenic  agency,  on  the 
other.    These,  Ehrlich  calls  receptors  of  the  third  order. 

The  nature  of  such  receptors  is  explained  in  Fig.  22,  where  C 

represents  the  tissue  cell  carrying  a  receptor,  A,  which  has  at  each 

end  a  moulding,  the  exact  form  of  which  \s  varied  as  represented  in 

No.  1 ;   one  of  these  mouldings  fits  on  to  a  receptor,  i-\  of  an 

injected  erythrocyte,  and   the   other   unites  with  a  ferment,  F. 

When  thus  combined,  the  ferment  acts  on    the  er3'throcYte  and 

destroys  or  hemolyses  it,  and  the  tissue  cell   being  deprived  of 

receptors,  which  physiologically  it  makes  use  of  to  assimilate  food, 

proceeds  to  reproduce  the  lost  receptors.     This  it   does  in    over- 

excess,  so  that  a  large  number  of  receptors  (cf-r),  with  two  combining 

groups,  are  set  free  in  the  blood.     This  overproduction  of  receptors 

^  The  orj-throcTte*  muBt  likewJM  be  provided  wiih  reccplora  through  wliich 
the  combinalLOD  cao  occdt. 
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U  repreaented  in  (:')  oi  Fig,  21,  It  ia  due  to  thfl  preMnce  of  thea© 
that  the  blood  eeniin  of  an  animal  becomes  ablp  to  hffmolyae 
GfYthrocytea  having  refeptDrfl  with  the  santu  mciiildings  aa  those 
of  the  erythrocytes  used  for  injection,  tliat  is,  the  erythrocytes  of 
the  Bfime  animal  or  of  one  closely  related  to  it. 

This  double  receptor  [Aa)  \s  called  an  arnboct'}tCt>r^  because  it 


Fi(i.  2^.— R^'CftprorB  uf  Thtid  Order  (Khrllfli'n  theory); 
Mi^chAziIftQi  of  Hfl^EuolysJn  Furmatian. 


lias  two  combining  groujjs.  The  lennent-ljlve  body  which  btooinea 
attached  to  one  end  of  it  is,  according  to  Ebrlich  and  Morgenroth, 
nothing  more  or  leas  than  what  Bonlet  called  the  alexin,  which,  it 
will  be  remembered,  is  present  in  the  tissue  fluids  as  a  pbysio- 
logit'rtl  constituent^  and  which  is  easily  destroyed  by  heat  or  hy 
contact  with  the  air.  Since  the  amhoeeptors  cannot  act  ori  the 
cells   {i.e.   produce   hwmolysia^    unless    they  be   combined    with 
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ftlejdn,  the  latter  ia  called  by  Ehrlicli  a  complement  (F  in  diagram), 
and  the  haptophoric  group  of  tlie  amboceptora,  on  to  which  it  fits, 
is  called  the  complement o-phihc  group  [Ctwi^  in  (4)  of  Fig.  22), 
the  opposite  haptophoric  group  being  called  cytophilic  {Cr/f..  in  (4) 
of  Fig-  22),  becfiiUfie  it  fits  the  receptors  of  the  invading  celh  lb 
IB.  according  to  this  theory,  the  amboceptors  which  are  produced 
by  injection,  the  complements  being  pcoacnt  in  normal  blood.  The 
complements  act  on  the  erythrocyte,  when  suitable  amboceptora 
are  pr&aent  to  chain  them  together. 

We  must  now  diflc^UHs  the  experiments  on  which  Ehrlich  and 
Morgenroth  base  thia  theory^  They  had  already  learned,  from 
Bordet'a  obaarvationa,  that  two  aubstancea  were  concerned  in 
hffmolyeia ;  the  one  of  these — called  an  aleiin^being  a  normal 
conatituent  of  the  tissue  fluids,  eually  destroyed  by  heat,  and 
possessed  of  digesting  pmpertics ;  the  other — called  sjiltsttiTVc 
nci'^ibiligiilricc — being  produced  by  moculatioUj  endowed  with  much 
greater  etability  than  the  alexin,  &nd  which  acted  by  sensitising 
certain  cella  towards  the  alesin.  In  order  to  explain  htemolysia 
by  the  side'chain  theory,  Ehrlich  and  Morgenroth  had  first  of  all 
to  show  that  the  JtuL'ifaii'.r  nfii^sihifiBtilricc  of  Bordet  actually  com- 
bined in  dednito  chemical  union  with  the  cell,  and  that  the 
so-called  alexin  than  attached  itaelf  to  the  resulting  eompound, 
this  being  the  only  possible  way  by  which  alexin  and  eell  con]d 
unite  so  as  to  permit  the  digesting  or  lysogentc  power  of  the  alexin 
to  assert  EtselE.^ 

For  their  experiments,  Ehrlicb  and  Morgenroth  injected 
sheep's  blood  into  a  goat,  the  gost'a  serum  being  thereby  ren- 
dered  hwmolytic  towards  aheep*8  erythrocytes.  The  experiments 
concerned  themselves  with  the  following  questions; — 

I, — Does  the  antboce'ptor  become  combined  unlh  the  en/throoyte  P 

Hpemolytic  goat'a  aemm  waa  inactivated  by  heating  it  to 
55*  C,  After  cooling,  it  was  iiiiAed  with  thoroughly  washed 
aheep'fl  erythrocytes-  This  miiture  after  standing  some  time 
wafl  ccntrifiigahacd,  and  the  aediment  and  Bupernatant  fluid  aepa- 
rately  tested  for  the  presence  of  amboceptors.  The  supernatant 
fluid  waa,  for  thia  puqwse.  mixed  with  sheep's  erythrocytes  and 

'  To  prevent  cuaf le&^dh  of  lerms  wo  will.  TrmiL  tb^s  tlA^O  on.  Jldupl  Elirlkh 
ntid  Uorgenrattt'p  iiomencljittirt^,  calling  3ord«t'ft  alexin  ihe  eompUttiept  and  the 
Mi^laiKi  afntibUiaalriet  the  avilmcfplor. 
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flomo  nomifll  aorum,  i.e.  containing  complement :  no  hmmoljaifl 
reaulted.  The  aediment  (erythrocytas)  was  Buepended  in  iflotonic 
saline  and  aome  normal  sonim — i.e.  containing  complement 
added:  complete  Ka?nicl>'aifl  rtaiiltixl  in  two  hours.  The  enjihto- 
cyks  had  there/ore.  wft^te/  with  the  amboceptors.  It  was  further 
ahowa  that  this  union  waa  not  merely  a  mechnnica!  adherence; 
fur^  ropeatedly  washing  the  sediment  with  isotonic  saline  did  not 
influenee  the  above  result,  the  washed  erythrocyte-amboceptor 
i'Honip<iuni]  h«?niolyBLngH  when^  complement  waa  added,  aa  readily 
aa  when  it  had  nob  been  washed.  Moreover,  the  umon  waa  a 
upecijio  chsmicol  one^  for  a  repetition  of  the  experiment  with  any 
erythroej-tes  other  than  those  of  a  sheep  gave  a  sediment  con- 
taining no  ambof^ptora  (i.e.  it  did  not  ha>moly»e  wlien  comple- 
ment waa  added  to  it). 

II. — Dof^  the  complement  (tUo  become  Gttached  to  the  erffthocijUs^  or 
cart  it  ottlt/  tecomp  attached  to  eri/lhfocifte^  already  united  ivith 
ambocejiloTS  ? 

Some  serum  of  a  normal  goat  was  mixed  with  sheep'a  erythro- 
cytea,  whii'h  had  been  washed  free  of  adherent  aenim,  and,  after 
some  time,  the  mixture  waa  renlrifugaliRed.  The  corpuscular 
sedunentH  after  waahiug,  waa  found  to  contain  no  complement,  for 
the  addition  to  it  of  inactivated  hf^Diolytie  scrum  {i.e.  containing 
only  amboceptf>rs)  gave  no  hffiitiolvsis.  Hie  complejiient  t^annot 
tketvj'oi^-  utiitt:  dirfctly  with  eryfkrocifles. 

IIL — Hmc,  then,  does  the  compUinen^  act  on  Ihf  crtjthroctjteM ? 

We  have  seen  that  it  cannot  combine  with  erythrocytes 
directly,  whereaa  the  anjbofeptora  can.  From  which  fact  we 
might  at  onc«  aaaume  that  during  hGemolysia  the  complement 
acta  on  ttie  erythrocyte  through  the  intermediation  of  tfie  ambo- 
ceptor. To  aacertain  if  this  be  so,  Ehrli?h  and  Morgenroth 
HtU(3ii?d  the  behaviour  of  ^implement  ami  amboceptor  on  erythro- 
cytea  when  both  were  present  in  the  mixture-  (a)  To  prevent 
the  rapid  hoimolyaia  wh^^h  would  follow  at  ordinary  t*?mpera' 
ture  in  ihiw  (?aae,  the  mixture  waa  eoolcHi  to  O-.i"  C,  at  which 
tem^ieratiire  hicmolyaia  is  very  alow.  After  leaving  the  mixture 
for  some  time  at  thi^  temperature,  it  was  centnfugalised,  and 
jedjincnt  and  supernatant  fluid  independently  ejamined  far  the 
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mCB  of  amboceptor  and  complements  The  nmbnceptor  w&s 
found  confined  to  tJie  aediment  (that  is,  bound  to  tbe  erythro- 
cytes) ;  the  complenieot  was  confined  to  the  auperiiatant  fluid. 
This  espcrimcnt  ahowa  lis,  eo  far,  that  the  amboceptor  lias  a 
very  marked  avidity  for  the  erythrocytes,  combining  with  them 
even  at  H'  C.  Tliia  ia  then  evidently  the  firat  stage  in  the  pro^eas 
ol  Liemolysia,  combi  natioa  of  amboceptorH  and  erythrocj'tea. 
(6)  To  study  tha  relation  of  the  complements  to  thia  compound, 
it  was  ncceaeary  to  work  at  a  temperature  at  which  hjcioolysia 
might  resultj  and  to  atop  the  process  short  in  its  middle,  that  19, 
when  the  amlioceptors  had  united  with  the  erythrocyteSj  hot  some 
of  the  L'oraplemeut  was  still  free.  Now,  Ehrlich  and  Morgentoth 
found  that  htomolysis  was  completed  in  fifteen  minnteSn  at  'iT"  Oh 
If  they  stopped  the  prooeas  after  ten  niinutea  and  then  quickly 
centrifugaliaed  the  mixture,  the  reanlting  aedimantj  suapended  in 
saUnf!,  was  found  to  contain  a]l  the  amboceptor  and  sufficient 
complement  to  produce  moderate  hpcmolysis,  thia  being  veadily 
completed  by  adding  some  normaJ  serum.  The  supernntsnt  tiuid, 
on  the  other  hand,  was  found  to  contain  complement  but  no 
amboceptor. 

From  these  reaulta  Ehrlich  and  Morgenroth  argued  that  the 
amboceptore  muat  possess  two  binding  groups,  one  oE  which,  the 
cytophilic  group,  has  very  marked  comhining  ofiinitiea  for  erythro- 
cytes— the  combination  occurring  even  at  0  C.  (Expt.  ilia) ;  and 
tiie  other,  the  complemento-philic  group,  only  weak  affinitiea  for 
the  complement — no  union  resulting  at  0'  C.  and  only  partial 
union  after  ten  minutea  at  37°  C.  (Expt.  1116) — the  latter  union 
only  occurring  when  the  cytophilic  group  had  been  fitted  to  an 
erythrocyte - 

I  It  ahould  be  pointed  out  here  that  these  experiments,  although 
they  can  be  beat  explnined  by  Ehrlich'a  theory,  and  indeed  were 
devised  to  prove  this,  do  not  diaprove  Bordet's,  When  we 
enter  into  the  subject  more  fully,  however,  we  shall  encounter 
resulta  (the  production  of  anti-bodies,  &c.)  which  can  be  explained 
best  if  Ehrlichia  theory  he  ateepted. 

I  Perhaps  the  strongest  evidence  in  favour  of  the  side-chain 
tlk90cy  is  that  furnished  by  Preston  Kycs  H  and  Hana  Hacha  in 
tWr  studies  on  snake  venom.  As  we  aball  see  later,  cobra  venom, 
rc^rded  as  a  hemolytic  agent,  contains  amboeeptora  alone-  If 
it    be   mixed   with    the    tborouglily   washed    erythrocytes   of    the 
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ox  or  goat  (which  contain  nc  endo- complement),  no  lioemolyais 
will  result,  unlcaa  some  complement  (normal  serum,  lecithin, 
certain  erythrocytea,  &c.)  be  alao  added.  If,  however,  Bimke 
venom  and  complement  (i.e.  seniin  r.r  er^'throcytes  containing 
endo-complementj  be  miied  together  ao  that  there  ia  a,  large  excess 
of  aj}}hocepore  in  the  mixture,  then  the  erythrocytes  will  not 
undergo  hfcmolysia.  This  ia  duo  to  deviation  (ablenkung)  of  the 
tomfhme^,  all  the  complement  availabla  for  the  activation  of  the 
erythrocyte-amboctptor  ctimpound  having  become  united  with 
those  amboceptors  which  are  floating  fiee  and  ar?  not  anchored 
to  the  erythrocyte.  The  complement  and  amboceptor  becoma 
unitedT  but  the  oombme  cannot  become  hsed  to  the  erythrocyto. 

Deviation  of  the  complement  was  first  noticed  by  Neisaer  and 
Weclist>erg  in  certain  bactericidal  aera.  Such  a  r<^ult  could  not 
be  explained  on  Bordet'a  theory.  If  we  follow  Kyea*  work  further, 
we  find  that  the  complement,  which  umtea  with  the  venomous 
amboceptor,  is  the  complex  fat  tei^Uhin,  for  if  a  ohloroforniio 
solution  of  lG<:ithin  be  sbaWen  for  two  hcurB  with  cobra  venom — - 
and  treated  as  <leBcribetl  in  the  footnote  ^ — a  chemical  compourul, 
via.  cobTo-k'cUhid,  is  formed,  which  ia  actively  ha^molytlc  towarda 
ox's  erythrocytes.  The  presence  of  thia  compound  funuBhea 
a  further  argument  against  Bordct's  theory. 

For  a  full  discussion  on  the  two  theories  see  Hans  Sachs  (*). 


The  ncii  qu^tifjn  of  irUerest  is  wh^her  the  amboceptor  aivi 
complemcnf  are  simple  or  compmttid  bodies. 

Taldfiff  the  arnhocepityr  first ;  ia  the  amboceptor,  product. 
for  earamplp,  hy  the  injection  of  ox's  blood  into  a  seriea  of 
animals,  always  exactly  the  aarne;  or  does  it  vary  in  nature 
Accordiog  to  the  animal  ui  which  it  is  produced  1  Ehihoh  and 
Morgearoth  hold  the  latter  view,  and   nacribo  this  diilercaoe  in 

1  Thp  iii&lrfl  fcnotn  axi^  p.h]f\rofoTtnic  aaiaiinD  fi  lef:1iliin  pre  simken  for  two 
baura,  the  Eniitiire  (hen  c«ntri£u|^lissd  rod  tht-  chl  ore  farm  ic  sud  watery  floLii< 
t^Doe  ieparabelj  pipotted  ofT.  Either  is  tlien  added  lo  the  c-hlor&foriuio  eolulion, 
when  a  prcolpiiaio  of  co6ra-ic\^Uhid  'n  thrnwn  down.  TbiA  ia  aoliiblcin  w^icr.aad 
aflor  being  freed  of  &dtaereni  lecithin  bj  narrhjug  witt  ether  i*  cap<ible  o(  pro- 
daciE^  Iha  immediate  hffimolyab  of  ujt'a  crtlUroc.i  Le^  In  its  thtzakul  icBctiona 
it  ia  quite  difiefenL  from  Ledtbln. 
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nature  bo  the  variabb  atruoturc  of  the  cytophilio  and  com- 
plement o-j)lilUc  i^oups.    To  denionatrftte    this    for  the  ciftophtlic 
ffToup,   let  ua  take  an  actual  esperiment :  the  Benim  of  a  rabbit, 
inoculalrtd  with  ox^s  erythrocyte!*,  oftii  lake  bath  ox'a  anJ  goat*a 
exTthrocytea.     The  erythrocytea  of  theae  two  auimala  can  also  be 
lakcd  by  tho  serum  of  nnothet  rabbit  prcvioualy  treated  with  m- 
jectioDs  of  goat's  erythrocytes.     If,  then,  the  cytophilic  group  of 
LB  ambocGptora  be  a  aimple  body,  it  must  fit  the  receptors  both 
af  ox's  ard  goat's  erythrocytes  equally  well,  and   by  mixing  the 
Lmune  blood  with  either  kiiid    oE  erythrocyte    it  should   be 
fpoaaible  to  remove  the  amboceptors  to  an  c^val  extent-    Esperi- 
lent  provca  this  is  not  the  case-'     For  if  rabbil*a  aocum,  immu- 
used  against  ox's  erythrocytes,  be  mixed  with  oxf(  erythrocytes 
its  ha?mo1ytic  pow^^r,   both   for  the  o-\*s  and  the  goat*a  erythro* 
cytes,  will  be  greatly  reduced  ;    while,  if  ib  be  treated  with  tjoat'a 
erythrocytee,  the  original  hcemolytic  power  for  ox's  erythrocytes 
will  remain  almost  aa  before^  but  there  will  be  a  very  marked  fall  in 
hemolytic  power  towards  goat's  erythrocytes.     The  amboceptors 
which  react  with  these  two   kinds  of  erythrocytes  cannot,  there- 
lore,  be  exactly  alike,  eUe,  in  the  latter  pact  of  the  experiment, 
^wouid  the  fall  in  btemolytic  power  of  the  dcfum  affect  ox  a  and 
Lt'a  crythroeyteB  to  the  same  extent.     Au  exactly  SLmilar  rcault 
follows  if  rabbit's  aenim,  immunised  against  goat's  erythrocytes, 
be   used  ■   goat's   erytbro;:ytes  bijidiug  the  ambLw^eptora    for  botii 
kinds   of   erythrocytes,  but  ox*s   erythrocytes   binding  only  those 
^ffhich  take  part  in  tbe  hocmolyais  of  ox's  blood.    The  serum  of 
^Pl>oth   theao  rabbits   must  therefore  contain   a  certain  amount  of 
amboceptors  common  to  both  kinds  of  erythrocytes,  and,  besides 

I  this,  each  kind  nf  serum  must  Cf]]i.tain  an  aTuboceptor  reaeting  only 
■with  the  erythrocytes  used  for  injection.  In  other  words,  tha 
ittnboi^eptGr  cannoi  be  a  aimph  bodij,  but  mu^t  bo  compounded  out 
of  a  number  of  partial  amboceptors,  each  of  which  has  ahghtly 
^Serent  cytophilJc  groups. 

The  production  uf  these  compound  arnbficeptora  la  easily  ex- 
plained on  the  side-chain  theory.  Ar  erythrocyte  contaiiis  a  num-ber 
of  difierent  receptors:  some  of  these,  when  the  erythrooyte  ia 
injected  into  an  animal,  will  anchor  on  to  suitable  cell  rocAptore. 
Tkere  will  accordingly  be  a  hberation  into  the  blood  o£  various 
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types  of  biogeo  receptors,  al!  of  them  fitting  the  receptors  of  the 
erythrorytfs  used  tor  injection,  but  &onie  of  them  also  fitting  the 
receptors  of  other  etythrot:yte*.  ErythrocTtes  which  do  not 
beoome  hicmolyscd  when  a  certnin  immune  Eerum  ia  added  to 
them  do  not  poewas  receptors  capable  of  fitting  any  of  the  cjto- 
philio  groups  of  the  amboceptors.  We  have  seen,  th&o,  that  the 
cytophilie  group  of  the  arabowptora  varies  somewhat  in  atmtture. 

As  stated  above,  there  ia  reason  to  believe  that  the  compU- 
mf^tv-phUiG  gmtfjt  also  varica;  for  equal  quantitJea  of  the  same 
eiythrocytee,  mixed  with  equal  qimntities  of  different  normal  Bcra, 
require  a  very  variable  amount  of  the  same  amboceptors  to  ifiduee 
hrtnioljeifl.  Jn  this  ex['eriment,  erythrorytea  and  amboceptors 
are  the  wme ;  they  will  unite  equally  in  each  case,  ao  that  any 
difference  in  bromolytic  power  must  be  dite  to  a  difference  in  the 
union  of  complement  and  amboceptors, 

Thi&  eo^iplfj^  Tiafurf  of  ihe  atnhoceptors  is  of  important 
rlivicaflj/.  J\\  the  treatmt^nt  of  rertain  bauterial  diseasea  it 
is  customary  to  inject  anti-serum  derived  from  one  animal  only. 
It  may  happen^  however,  that  the  amboceptora  of  this  flenim 
do  net  p4»flaes8  eompleniento-phihc  groups  which  will  fit  the 
complements  of  human  blood.  To  increase  the  chance  of  there 
being  suitable  compieinent<i-philic  groups,  it  would  be  deairable, 
therefore,  to  use  &  inixed  antit-oxic  Heniiir,  i.e.  one  containing 
various  amboceptors.  Such  a  fienim  could  be  obtained  by  injecting 
the  same  bacillus  into  various  animals* 

Aa  has  been  indicated  above,  th**  ctyn}pJ^m^vi  hImj  in  pi^- 
imhly  ii  covrpoimd  ho*fy — that  ia.  there  are  varioua  couiplements 
normally  present  in  the  blood  serum.  The  fact  that  the  com- 
pie  men  to -phi  lie  group  of  the  amboceptor  ia  compounded  ao 
that  it  can  fit  different  complementfi  would  itself  imply  the 
plurality  of  compiementa.  Thia  has  been  further  proven  by  a 
series  of  elaborate  experiment**  by  Ehrlich  and  Morgenroth  and 
others.  {A  sumEoary  cf  these  experiments  will  be  found  in  Hans 
Sachs's  article,  Die  Hmmhjsint?,  pp-  ,''-y-*)o,)  Wo  will  content 
ouraelve*!  here  with  two  of  these  esperimenta.  L  If  goat'a  aerum 
be  warmed  to  ^fi"  C,  onlya  jicrtion  of  the  nomplementadiaappears — 
that  Is.  the  heated  serum  can  atili  activate  attain  amboceplrors. 
The  separation  of  these  two  fractions  of  complement  in.  goata' 
Herum  can  also  be  effected  bv  filterine  the  serum  tluough  a  Pukall'a 
fitier.  By  thia  latter  method,  two  complement  fractions  could  also 
be  demonstrated  in  horse's  serum.     II,  Complement  fractions  behave 
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dii!erenlly  towards  different  reagpnts.  By  treating  goat's  aerum  with 
four  differeut  reagenta  (digcation  with  papain,  action  of  alkah 
heating  to  50^  C,  and  uniting  with  varioua  erythiocytes)  Eiirlich 
and  Sacha  were  able  to  Boparate  four  varieties  of  complement. 

Thin  fact  coyicm^nh^g  tlw  cort\pU-x  ^mture  'i/the  compleTHPnt  has 
atsoiicHviorlhear^ivif.  Certain  diseases  (cholera  and  typhoid)  are 
prodnc^ed  hy  bacTperial  growth  in  the  tissuBB  (in  contrast  to  diphtheria 
and  tetanus,  which  are  due  to  bacterial  poisons  or  toxlna).  These 
bacteria  may  be  killed  by  injecting  antt- bactericidal  aerum  into  the 
patient.  Thifi  la  obtained  from  an  animal  into  which  cultures  of 
the  bacillua  in  question  have  been  inoculated  in  gradually  increasing 
dfiaage.  Now,  such  inoculations  will  only  increaa**  the  amboceptors ; 
they  will  net  afiect  the  complement.  The  immiuie  (i.e.  anti- 
bactericidal)  flcrum  will,  therefore,  contain  plenty  of  amboceptora, 
but  the  complement  present  may  not  be  of  sufficient  variety 
to  react  with  these.  This  complement  will,  moreover,  gradu- 
ally diminish  Jn  amount  if  the  anti*bacterii.^idal  serum  be  kept 
some  time,  Waaaermanu  (')  has^  therefore*  suggested  that  freah 
normal  acnim  should  be  injected  iuto  the  patient  along  with  the 
bactericidal  serum.  Experimenting  on  animals^  he  found  that  this 
very  materially  aasigted  the  action  of  the  bactericidal  serum. 
When  applied  to  clinical  therapeutics,  however,  the  large  amount 
of  senim  neces^iy  seems  bo  have  an  unfavourable  action,  and  the 
method  haa  not  been  fully  elaborated. 

It  will  he  gathered  from  what  we  have  learned  about  hiemo- 
lysina  ao  far^  that  tliey  are.  in  all  theii  reactions,  exactly  like 
toiina-  We  have  also  aepo  that  by  the  gradual  inoculation  of 
toxina  into  an  animal,  antitoxins  are  produced  ;  and,  if  our 
analogy  is  to  hold,  we  must  expect  that  hflemolvsins  will  similarly 
produce  anti-hcemolyeinB.     What  evidence  have  we  then  of  thia  'i 
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^H  active  !i»molysia  when  mixed  with  the  erythrocytea  of  most  other 
^^  animals.  This  is  because  it  contains  a  hcemolysin.  If,  now,  the 
1^^  eeVe  serum  be  injected  intraveoouflly  into  a  susceptible  animal,  in 
^■small  non-lethal  doses  at  first,  and  the  injection  repeated  in 
1^^  increasing  ilosage,  the  blood  wnim  of  the  latter  will,  aft-^r  a  few 
weeks,    become    endowed   with  the  property   of  inhibiting    this 
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hEPmolyaia;  that  ia  to  sav,  if  jnixed  with  the  freab  aonim  of  eel's 
biood,  and  the  mixture  added  to  Buaceptible  crytlirocytes, 
no  haimoiyBia  will  follow.  Just  as  the  injection  of  a  toxin 
cause§  a  apecific  antitoxm  to  be  produced  in  the  injected  aniinal'a 
blood,  BO  does  the  icijftr.tioiL  of  hiQEnolyBln  produce  aa  anti- 
hteraoiyain. 

The  same  thinf^  hap|>ens  if  an  artificial  ha^molyain  b<?  employed. 
ThuSj  i£  the  eerum  of  a  guinea-pig  which  baa  received  aeveml 
injectioiis  of  rabliit^a  blood  be  repeatedly  injected  into  a  rabbit,  in 
gradually  iucniaaing  dosage,  this  rabbit^a  aerum  will,  after  some 
time,  acquire  the  property  of  inhibiting  the  hfemolytic  action  oC 
immunised  guioea-pig'a  serum  on  rabbit's  erythrocytes.  These 
results  are  quite  what  might  be  expected  from  what  we  have 
learned  above;  curiously  enough,  however,  the  strongest  anti- 
hjcmolyain  can  be  produced  by  injecting  the  liEcniolytic  aerum  into 
an  animal  whose  erythrocytes  are  not  readily  h»molyaed  in  vitro  by 
that  serum.  Thus  a  very  strong  flnti-htcmol5'flin  can  be  produced 
in  a  rabbit  by  injecting  it  with  a  serum  rendered  haemolytic 
towards  oi's  eiyt.brocytea.  The  rei*eptnrg  whieh.  form  the  anti' 
haenolyaln  in  this  ease  imiat  be  derived  from  cellb  other  than  thfi 
erythiocytea  {i.e.  from  extruvaacular  cella). 

Aa  indicated  by  the  side-chain  theory,  there  are  tlireo  poaaibla 
waya  by  whieh  anti-ha&molyams  may  be  produced :  there  are  three 
haptophoric  groups  rioneerned  in  h:EmolyBis,  one  belonging  to  the 
complement  aEid  two  to  the  amboceptor?^ ;  each  of  these  may  anchor 
on  to  receptora  in  the  crgamsm.  and  ao  lead  to  tbe  liberation  into 
tbe  blood  of  similar  receptors  wiiieh,  aa  we  have  socu  above,  will 
be  capable  of  neutralising  one  or  other  of  the  tbree  haptophoric 
groups.     This  is  explained  in  Fig.  23. 

Atdi-amfxx'f.fitoTs  (AA  in  Fig.  23)  have  been  described  by  several 
workers.  According  to  Ehrlich  it  ia  the  cytophillc  group  which, 
in  this  case,  enters  into  the  reaction.  Of  much  greater  importance, 
however,  are  anti-complements  (AC  in  Fig,  23 }, i.e.  bodies  which  cover 
over  tbe  haptophoric  group  of  a  complement  and  prevent  it  froni 
imiting  with  aa  amboceptor,  8ucb  anti-complements  are  prcKluced 
by  inoculation  of  the  complements  of  one  animars  blood  into 
another  animal.  Since  there  are  aa  many  complements  in  normal 
aa  in  immune  blood,  anti-oomplomenta  can  be  readily  produced  by 
employing  normal  serum.  The  complement  leads  to  the  pro- 
fluctiori  of  anti -complement  in  that  its  haptophoric  group  unites 
with  receptors  in  the  injected  ftnimal.    These  are  then  produced 
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in  oyer  exceM,  float  free  in  tha  blood,  and  can,  when  they  oome  in 
oootact  with  oomplementa  with  hi^ophorio  gioape  like  thou 
which  produced  them,  cap  over  these  and  thereby  prevent  their 
union  wi^  ambooepton.  The  toxophoric  group  of  the  complement 
plajB  no  part  in  this  mechamBm, 

It  is  (^  interest  in  this  connection  to  mention  that  Sohtttn  (^) 
noticed  that  inactivated  Benun  could,  when  injected  into  an  anima^ 
l^oduDe  anti-complement  as  readily  as  could  nonnal  senun,  from 


Fio,  23.— Tho  Form&tioji  of  AntMintuotjaiafl. 


which  Ehrlich  and  Morgenroth  argue  that  heat  deetroys  only  the 
toxophoric  end  of  a  complement,  leaving  tlie  haptophoric  intact- 
In  other  worda,  a  body  like  a  toxoid  (see  p^  442,  footnote)  \a  formed. 
This  is  called  a  complemerUoid  (D  in  Fig.  23). 

Arrhenius(^)  has,  however,  recently  brought  forward  evidence 
which  seems  to  indicate  that  the  anti-body  which  is  produced  when 
complements  are  mjected  into  an  animal  is  not  strictly  an  anti- 
complement  but  an  anti'lysin.  In  other  words,  the  anti-body  thus 
produced  combines  with  the  haemolysin  (i.e.  amboceptor  H-com^U- 
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ment  in  Ehrlit^h's  sonae]  to  form  a  new  compound  wkich  doea  not 
act  aa  a  hemolytic  agent.  The  atmctiire  of  this  compound  would 
therefore  he  ha?molyBin+aiiti-hjomoly^n. 

n  trmperntuiy  of  r>6''-60'  C.  For  their  detection,  therefore,  tbe 
aenim  m  which  thoy  exist  is  heated  to  the  abijve  tempccsture  so  aa 
to  inactivate  any  complements  which  it  contains,  and  which  might 
react  with  any  suitahle  anibocoptora  m  the  blood  with  which  it 
was  mixed,  and  thereby  mask  the  a£:tion  of  the  arli -complement. 
For  example,  Buppo9e  we  wish  to  study  th&  anti-complements  pro- 
duced in  rabbit's  blood  by  the  injection  into  the  rabbit  of  guinea- 
pig's  seruiQ  rendered  ha>moIytic  towards  rabbit's  erythrocylea. 
If  the  ftTiti -complement  containirg  senim  ware  directly  mixed  with 
a  hfcmclytic  aerum  (produced  by  injecting  rabbit'ti  erythrocytea 
into  a  guinea-pig)  the  complcmenta  which  that  aerum  containa 
would  unite  with  some  of  the  amboceptors  present  in  the  immunjacd 
(guinea- pig* b)  aerum,  and  would,  consequently,  mask  the  full  action 
of  the  a nti" complement — i.p.  a  certain  amount  of  hjemolyaia  of  the 
rabbit^a  erytlirL>cyt*s  would  ensue.  Wbereaa,  if  the  anti-comple- 
ment containing  scrum  be  heated  no  hcemolyais  will  follow, 

Anti-eomplementa  arc  apecifie  bodiea;  the  anti -complements 
developed  in  rabbit's  blood  by  the  injection  of  guinea-pig's  serum 
can  only  inhibit  the  action  of  the  complements  oF  gninea'pig'a 
aerum,  unless,  as  a  coincidence,  it  should  happen  that  some  other 
blood  possesses  complements  witli  baptopboric  groups  which  fit 
those  anti- complements-  Now  we  have  seen  that  there  are  various 
complementa  present  in  serum.  On  injecting  the  aerum  of  one 
animal  into  another,  certain  of  these  complements,  but  not  all  of 
tbenin  will  meet  with  receptors  on  to  which  they  can  ancbtir,  nud 
the  liberated  receptors,  i.e,  anti- complements,  will  inliibit  the  action 
only  of  some  of  the  complements  of  tho  blond  used  for  injection. 

With  regard  to  the  exact  nature  of  the  reeoptora  which  form 
the  &nti-comp1ement5,  Ehrlich  and  Morgenroth  eonaider  them  &£ 
similar  to  amboceptors  [i.e.  of  tha  third  order),  with  tht;  differ- 
ence that  the  complcmento-phihc  group  has  acquired  greatly 
increased  combining  powers. 

When  anti-complementa  are  present  in  the  blood  along  with 
oomplements.  whneie  action  they  can  prevent,  they  are  called 
anti' auto -com  pUrwciittt.  They  never  a[)pciar  spontaneously  in  the 
blood,  but.  aa  Ehrhch  and  Morgenroth  have  shown,  they  can  be 
G3:peri mentally  produced.     Tlius,  as  we  have  seen  above,  norm&l 
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nibbit^B  aennn  can  kcmolysc,  to  ft  certain  extent,  the  erythrocytes 
of  fl  guinefl-pig.  If  goat's  aerum  be  injected  into  the  rabUt, 
however,  the  Bomni  of  tlie  latter  loses  its  hEemoIyaing  action  on 
the  ciythrocyt^  of  the  guin<!a<^ig;  and  even  if  Bome  normal 
rabbit's  eerum  be  added  to  the  mixture,  no  hfemolyBJa  wUJ  occur. 
To  eKplain  tbe  prodiit^tion  of  anti- complement,  we  must  suppose 
the  complements  of  the  ^o&t  and  rabbit  to  bo  very  much  filike, 
but  in  so  far  different  that  tbe  former  find,  in  the  tissue  cells  of  the 
Ifltfcr,  receptors  with  which  their  haptophoric  groups  unite,  and 
these  receptors,  being  rendered  useleaa  to  the  tissue  cell,  beconie 
regenerated  in  over  cxtM^as  and  float  free  iu  the  blood.  The 
complement  normally  present  in  the  blood  cannot,  of  course^  unite 
with  receptors  in  the  same  ammara  tlssuefl,  unless  some  other 
body — e.ff.  a  foreign  erytlirocyte  or  a  bacterium— he  present  to 
combine  with  the  cytophilic  group  of  the  amboceptors.  Nor 
could  the  injection  of  complements  very  unhke  those  nortnalty 
present  in  blood  lead  to  the  production  of  anti 'Complements ; 
because  their  haptoplioric  groups  would  not  fit  compiemento-philic 
endings. 

Anti-coiTiplrments^  then,  arc  iwikiiig  niorc  or  liies  tluin  ft-ec 
Tcceptoi'a,  and,  as  we  might  expect,  these  receptors  can  be  dis- 
connected from  their  cell*  by  other  means  than  the  injection  of 
complements  like  them.  Thus  they  can  be  liberated  when  the  cell 
is  difiiotegrated,  as  in  phosphonis  poifiouing-  For  example,  the 
serum  of  a  rabbit,  two  days  after  receiving  a  poisonous  dose  of 
phosphoruB)  could  not  produce  any  htemolysis  of  gumea-pig^s 
erythrocytes  (ElirUch  and  Morgenroth). 

Chronic  suppuration  may  lead  to  tlie  production  of  anti" 
complement  from  the  same  cause.  Even  emulsions  of  fresh  organs 
can  bind  a  certain  amount  of  complement.  Ah  would  be  expected, 
the  presence  of  ajiti -complement  materially  lowers  the  natural 
resistance  of  serum  towards  injections  (Wassermann '). 


According  to  the  side-chaio  theory,  any  substance  conbaiuing 
Amboceptors  which  fit  on  to  one  or  more  of  the  receptt^  of  &n 
erythrocyte  will  be  capable  of  producing  htrmolyais,  provided  that 
the  other  combining  group  of  the  amboceptors  is  united  with  a 
complement  or  (implements.  As  a  matter  of  fact,  there  are  a 
number  of  auhstances,  stmie  of  vegetable  and  some  of  animal 
origio,  which,  when  added  to  a  suspension  of  orythrocytea  in 
isotonic  sahno,  can  eaoae  htemolj'sta.   The  more  important  of  these, 
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we  ahal!  study  presejjtly.  Before  doing  ho,  however,  another 
property  of  nmny  of  those  Bubatances,  viz.  their  power  of  producing 
agglutination  of  the  red  coT^^usclef,  must  be  studied.  This  fret]uently 
goen  band  in  hand  with  hfpmoTysis,  although  we  have  reason  for 
believing  that  the  two  processes  are  produced  by  entirely  different 
agencies-     Bordet  tirat  discovered  that  the  aerum  of  an  animal 

A,  wliich  had  been  gradually  injected  with  the  blood  of  an  animal 

B,  when  added  to  eonio  defibrinated  blood  of  B,  caused  an 
immediate  agglutination  of  the  corpuj^des,  ho  that  duDJpa  uf  Lhera 
suspended  in  the  aerum,  werxr  formed.  This  clumping  m  very 
evident  on  abating  the  test-tube.  Other  signs  of  agglutination  are 
the  rapidity  with  which  the  clumped  corpuHclea  settle  down,  and 
the  fact  that,  on  filtering  the  blood  through,  paper,  the  corpusclea 
remain  behind  aa  a  precipitate,  whereas  in  normal  blood  they  filter 
thiougb- 

These  htemagglutinins  are  analogous  with  bacterioagglutininflj 
diseovecod  by  Gruber,  Durham,  and  Widal  in  the  blood  serum  of 
animals  injected  with  certain  orgamstna  ;  for  example,  the  serum 
of  a  typhoid  patient  agglutinates  t}'phoid  bacilli.  With  regard  to 
their  mode  of  ai:Uon,  it  is  necessary  to  eomewbat  modify  the  aide- 
chain  theory  as  apphed  to  the  process  of  hBeraolyais.  The  re- 
ceptor which  produces  the  clumping  is  supposed  to  be  furnished 
at  one  end  with  a  functions-ting  or  agglutinophoric  group,  the 
other  end  being  a  haptophoric  or  oombining  group.  This  lattirr, 
when  agglutination  occurs,  ia  supposed  to  anchor  on  to  a  suitable 
receptor  of  the  erythrocyte  or  bacterium.  When  thua  united,  the 
agglutinophoric  end  of  the  agglutinin  amboceptor  acta  in  eome,  not 
yet  clearly  described,  manner  on  the  cell,  whereby  it  causes  these 
cells  to  cluTrp  together.  Such  receptors  Rhrlich  called  re^e^piors  o/ 
the  second  order,  and  the  esaential  diSerence  between  them  and 
hccmolyain  receptors  {i.e.  third  order]  ie  that  the  com  piemen  to- pbiiic 
group  is  replaced  by  a  eymophoric  or  acting  group,  which  does  not 
require  to  become  combined  with  complements  before  it  can  act. 

These  agglutinins  are  quite  distinct  from  heemoly silts  or 
bacteriolysins,  although  some  observers  have  thought  tbem  tc  be 
identical.  Thus  Gruher  thinka  af^lutinntion  to  be  the  preliminary 
stage  of  bacteriolysis,  and  Baum^arten  thinka  the  agglutinin  to  be 
the  same  thing  as  the  amboceptor,  the  apparent  difTereiice  between 
them  beiEig,  according  to  this  obaerver,  merely  a  quantitative  one. 

That  the  two  are  different  processes,  however,  ia  shown  by  the 
following  facte:  (1)  agglutinated  bacteria  can  multiply  as  well  as  can 
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nna^latmated  bacteria;  (2)  cettELin  B«ra  are  able  to  agglutinate 
the  corpuscleB  of  one  apeciea  without  efiecting  their  li^inolTsia, 
and  to  both  agglutinate  and  bnmolyse  the  blood  of  other  species  ; 
(3)  agglutinine  are  more  resistant  to  heat  than  heemolyBius,  so 
that,  if  a  serum   containing  both    be    warmed   to  55*  C,  the 


Via.  34. — Receptors  of  iha  Second  Order  lEbrlich'a  tbeorj) ;  the  Letlen 
refer  to  the  same  Structures  as  in  Fi^.  22,  B  TepreaeDtrng  the  Zyinophoric  Group 
of  the  Receptor,  and  P  the  Agglutinated  Body. 

hemolytic  power  will  disappear   (vide  sufra),    but  it  will   afcill 
agglutinate  >^ 

We  are  now  in  a  position  to  study  the  various  substances  in 
which  haemolysina  and  agglutinins  naturally  occur,  and  for  this 
purpose,  it  will  be  most  convenient  to  study  them  according  to 


1  It  1A  poisible  that  ths  same  substance  In  dilferent  concehtrations  ruay  hnvc 
a  different  action- — {t'Mitor'a  Note.) 
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the  aouree  from  which  they  are  derived,     lu  this  coEneotioa  we 
shall  consider  the  fcllowing: — 

r — Hajrncilysins  pr4*sent  in  normal  bloxi. 

XL — HieEiKjIyains  in  tbe  tiasuea  of  lowar  animals. 

Ilh — Hicmolj'flina  in  bacterial  cultures, 

IV, — HfijmoljBina  in  certain  plants. 


I. — H.«MDLYSiNa  prksb:jt  is  Normal  Blodd 

In  ]fi8S  Moeao  noticed  that  £eY&  blood  waa  very  poisonous 
when  Injected  into  tith^r  oninialrt,  lb  was  not  till  ISQiS  that  the 
cfluae  o£  tliia  was  found  to  be  a  nornmU^  occurring  hsemoljain  in 
eel'fl  blood,  very  active  towards  the  er)i;hrocyte3  o(  moat  ammals, 
Similaf  hiemolyains  have  been  discovered  in  the  blood  of  various 
other  animala;  thuB^  to  take  another  eKample,  0  ii  c.c  of  goat's 
serum  can  lake  .'  c,c.  of  a  .'  per  cent,  suepentiioii  of  rabbit's 
erythrocytea.  These  natural  hemolysins  appear  to  act  in  the 
same  way  as  do  thosj;  experimentaUy  produced,  for,  as 
Daremberg  [^)  has  recently  shown,  heating  the  aerum  to  about 
5rr  C,  removes  ita  hiemolytic  power.  These  facts  are  of  some 
therapeutic  interest,  for  they  show  us  that  iiitravcaoua  injection  of 
foreign  bloods  may  have  a  poisonous  (i^t.  hemolytic)  action  ;  but 
that  thifi  can  be  removed  bj-  heating  tbe  aerum  to  -^5'  V.,  a  tempera- 
ture which  will  not  coagulate  the  proteida,  but  wiU  destroy  the 
hn'molysin.  A  bnuterlcidul  action  of  normal  serum  has  also 
been  described  by  N'ultall,  Behrijig,  and  others. 

Further  proof  that  normal  bfcmolysiDa  act  in  the  aaaic  way 
aa  do  those  artificially  produced  is  by  no  meana  e-asy  to  furnisbf 
aince  there  is,  in  normal  blood,  only  a  trace  of  amboceptora  with 
a  large  excess  of  complement.  That  both  amboceptor  and  com- 
plement do  form  the  biemolyaid  in  this  case  has.  however,  been 
proved  by  the  following  espenioenta  of  Ehrlich  and  Morgenroth  ('), 
A.  Tiie  scrum  of  a  normal  goat  can  lake  guinea-pig's  eiythrocytea ; 
if,  however,  the  serum  and  erythrocytes  be  kept  at  U"  C,  no 
laking  will  occur,  for,  as  explained  on  p.  447,  there  is,  at  this 
temperatare,  no  union  between  amboceptor  and  complement, 
although  amboceptor  and  erythrocyte  do  unite.  If,  after  two 
houi3»  the  mixture  be  ccntrifugaliaed,  the  sediment  will  be  found 
combined  with  amboceptors  and  the  supernatant  fluid  will  no 
longer  hiemolyse  guiaea-piga'  erythrocytes  (because  it  only 
contflUW  complemeritaj ;   it  [.:an   be  activated,  however,  by  adding 
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II.— H-EM0LV6INS  0CCUBE1N(:  IK  THE  TISSUE  FLUIDS  OF  AKI- 
UALS  LOWKK  TBAN  THAT  FKOM  WHICH  THt  EKYTJ[HOt;VTES 
AKK   IIKKIVKD 


tc  it  some  in&ctivatcd  goat'B  ecrum  (that  lb,  containing  only 

arabo^^eptors). 

B.  A    haeniolytic  normal  *enim  is,  aa  we  have  seen  above. 

inactivated  by  heating  h  bo  o'i"  C,  ao  that  it  i!&i\  wo  longer  lakv. 

the  erythrocytea  which  it  normally  could.  If  this  inactivated 
^ecrum  be  naixed  with  some  serum  of  a  third  animal,  which  in 
^■itBell  doeg  not  hn^molyse  the  erythrocytes  und^r  examiQation,  the 

complement  of  this  non-htemolytic  aeriun  may  activate  the  inert 

taerum  and  ao  produce  hicinolysia.  Thb  result  depends  on  the 
fact  that  eveiy  aerum  contains  various  complements;  if^  then*  a 
group  of  sera,  in  thcmJ*elyoa  non-heemolytic  towards  the  erythrocyte 

I  used,  be  tried  ayBtematEcally^  one  will  be  got  in  which  one  or  moic 
of  the  complements  which  it  contains  will  fit  the  haptcphoric 
group  of  the  amboceptor,  and  so  complete  the  reaction. 

The  most  intereRting  of  those  is  s^mdv  lyjiflm.     This  is  really  a 

tuxiu,  and  its  injection  in  gradually  increasing  dosage  causes  anti- 

Brenoraa  to  be  produced  in  the  inoculated  animal;  juat  as  toxins 

^^  produce    antitoxina  when   simdarly  injected.      Snake    venom  is 

B  complex  fluid  containing  not  one.  but  several  <:3'to]ytic  bodies 

^■^i.r',  bodies  capable  of  dissolving  cells);    one   of  these  acts   on 

^  erj^hrocytes,   producing  hflemolyais.       This  hemolytic   action  can 

be  prevented  by  mixing  the  venom  with  anti-venomous  aerum, 

find  such  a  mixture,  when  inoculated  into  a  susceptible  animah 

DO  longer  kills  it-    The  venom,  therefore,  becomt^s  neutralised  at 

the   same  timp.  as   the    ha^molysin    (Stephens  and  Myera).       The 

lylac  action  of  snake   venom  differs  somewhat  in  it^  nature 

that  of  other  htemolytic  bodies.    This  fact  was  shown  by 

Flexner  and    MoguchiC^),  who  found    snake   venom  to    contain 

amboceptors  alone;  for  when  they  mixed  it  with  eTj'throcytea  of 

the  ox  and  goat,  whieb  had  Vteen  very  thoroughly  washed  free  of 

all   possible  traces  of   adherent   serum,   no  hfcmolysia,   but   only 

agglutination  of  the  erythrocytes  resulted.     If  a  little  normal 

were  now  added  to  this  mixture  of   washed  erythrocytes 

snake  venom,  hjemolyais  at  once  followed.    The  ainboeeptore 

of   snake  venom  an?   very  stable  liodies,   for  they  can   withstand 

heating  to  WO^  C. 


i 
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Kyea(*)  has,  however,  abown  that  the  flenim-free  erythrot^ytea 
of  certain  animals  [e^g.  guinea-pig,  man,  dog,  &c,)  do  undprgo 
hipniolyaia  with  cubra  venom  alone,  the  complement  In  tliia  case 
being  furniahed  bj  the  erythrocyte  itself  {i.e^  by  enda<OfnpleiiietU) : 
and  further,  that  a,  solution  of  such  eiythrocytea  in  isotonic  salt 
Bolution  can  furniat  the  necessary  complement^  and  so  produce 
htemolyais  when  added  to  a  mixture  of  anake  venom  and  comple- 
ment-free erythrocytes  {e.g.  those  of  ox,  aheep,  goat,  &c,), 

Vaii^ua  int<fct  poisons  (obtained  from  the  atinga)  can  produce 
hEmolyaia  [f.j.  of  man  and  dog)  wlien  added  to  the  blood  oi 
certain  animals,  whercaa  when  added  to  other  bloods  no  ha^molyaifl 
follows.  This  is  thought  to  he  due  to  the  fact  that  the  aerum  of 
these  latter  blooda  contains  and-hodieij.  Further  work  on  tliift 
group  of  hsemolytic  substances  seems  to  be  wanting. 

From  fotidft  a  very  active  hasmolyain,  especially  active  towards 
the  erythrocytes  of  the  sheep,  can  be  obtained  by  grinding  the 
skin  with  sand  in  a  mortar  and  extracting  with  (sotonic  salt 
solution.  Such  a  solution  can  proiluce  hiemolysia  in  a  dilution  of 
1  in  10,000,  This  hiemolysiu,  like  otheran  Ib  inactivated  by  beating 
to  St;"  C-,  but  it  cannot  be  reactivated  by  adding  the  scrum  o( 
higher  animals-  Proscher("]  has,  however,  auccesded  in  obtaining 
an  antitoxin,  by  repeated  injection,  into  rabbits. 

The  poisonous  secreticna  of  wjUfZf/-,^  also  proiluce  marked 
haemolyaia.  especially  of  rabbit's  efythrocytea.  For  example 
the  hteraolysin  of  1 '4:  grm.  of  spidcra  can  hfomolyBe  25  litres  of 
rabbit's  blood.  The  hiemolytic  agent  in  this  case  is  called  aracA- 
nolifsin.  For  pnrpoaes  of  examination,  it  can  be  easily  obtained 
by  extracting  ground-up  npidera  {Efudrtt  diadrpui)  witli  isotonic 
salt  flolution.  A  very  interesting  fact  concerning  arachnolyain  ia 
that  it  has  absolutely  no  action  on  the  erythrocytea  of  the  gtunea- 
pig-  It  cannot  even  combine  with  the  erythrocytes  of  thie  animal  i 
for,  if  a  mixture  of  arachnolysin  and  guinea-pig's  erythrocytes  be 
allowed  to  atand  f[>r  fiome  time  and  tiien  centrifugalised,  the 
supernatant  fluid  will  be  found  to  be,  quantitatively,  as  hEcmolytic 
towards  rabhit^a  ervthrocytes  as  before,  Hana  Sachs  (^')  has,  how- 
ever, ahosni  that  anti-bodiea  can  be  produced  by  inoculation  of 
araehnolyain  into  a  giiine^-pig;  as  well  aa  into  a  rabbit.  These 
antJ-bodiea  produced  in  the  guinea-pig  uinst  therefore  be  derived 
from  some  tissue  outside  of  the  blood-  In  other  words,  the  extra 
vascular  tjasue  must  posaesa  receptors  capable  of  fitting  the 
Jiaptophoiic  group  of  arachnolysin-     That  the  atachnolysin  ancbort 
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on  to  tiasiie  cells  does  not  imply  that  it  shauld  poisoa  these,  but 
it  nevcftheleaa  occasions  fin  overproduction  of  biogen  receptors 
K>  that  anti' bodies  are  prod u rod. 


III,  — H^MOLYSisa  Iff  Bacterial  CrLTUBES 


I 

^P      Botb   bacteria  and  bacterial  toxins  can  produce  h^pmolysia. 
Koch  firat  noticed  tHis  for  cholera  vibrioflf  aiid  flomc  years  later 

■van  de  Velde{^)  showed  that  a  filtered  eulturc  of  ataphylowjccua 
SUd  the  same  thing.  This  so-called  d^phtjlohfuin  acta  most 
sensitively  on  ral)bit"'a  erylhrocytea.  Many  normal  sera  (that  of 
a  man)  whan  added  to  the  staphylolysin  diminish  Its  hEemolytic 
power;  in  other  worda,  these  sera  contain  anti-bodies  for 
staphylolyain-  Now,  oecording  to  Khrlich'a  theory,  theae  Utter 
must  be  free  receptors  which  fit  on  to  the  haptophoric  group  of 
the  hajmolysin  ambotreptor,  and  thereby  prevent  its  uniting  with 
the  erythrocytes.  They  inust  have  been  cast  off  from  liaaue  cells, 
where,  when  attached,  they  functionated  in  aasimilating  food-  It 
la  merely  an  accident  that  they  should  fit  the  haptophoric  ^up 
of  the  ataphylolysin  amboceptora. 

Heeniolyains  have  been  alao  diHcovered  in  cultures  of  the  tetanus 
bacillus.  In  these  cultujes,  the  Aeiano-l^irin  exlsta  alongside  of  a 
fffuno-spcinfnifi .  wiiich  latter  is  the  specific  toxin,  producing  tetanus. 
That  these  two  toxins  {tetanodysin  and  tetano-apa^mir)  are 
diatinct  from  one  another  is  proved  by  the  fact  that  erythrocytes 
t^ke  up  the  tetano-lysln  but  not  the  tebino-spasmin.  and  al80  hy 
the  fact  tbflt  tetano-lysin  is  more  easily  destroyed  hy  heat  than  is 
tetano-spasmin.  Horae'a  and  rabbit's  erythrocytes  are  especially 
eenflitive  towards  tetano-lyein,  and  apecific  anti-bodies  a^^ainat 
tetano-lysin  become  developed  in  animals  inoculated  ftith  tetanus. 
^L  Many  other  cultures  have  been  showit  to  contain  h^molyEins, 
^^Rud  no  defiuite  relation  can  be  aliown  to  eiist  between  the  vini- 
lencc  of  a  bactcnum  and  the  hfemolytic  power  of  the  modium  in 
which  it  is  grown ;  indeed,  the  etrcin^cst  bacterial  htemolyain 
hitherto  observed  (by  Todd)  was  found  in  a  aaprophyte  (B. 
MvtjiUketmm),  A  hteniolysin  contained  in  pyoeyaneus  culture 
has  been  shown  hy  Bulloch  and  Hunter  ('*)  to  he  distinct  from 
the  pyoeyaneus  toxin  which  such  cultures  also  contain  :  another 
proof  of  the  complexity  of  toxina. 

Bacterio-ha?molv3in3  can  also  produce  their  action  in  the  blood- 
and  this  may  account  for  the  an»niic  sym^toTOs  wi  lyaromit*^ 
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in  many  of  the  infections.  Welch  (^^)  suggeats  that  some  Dbacure 
aiijemias,  not  of  infectious  origin,  mny  he  asswiated  with  the 
growth  of  certain  bEemoly bid- producing  ftaphrophytes  in  the  tlosuea. 
It  is  possible  that  amcmiaa  produced  by  this  cause  might  b« 
prevented  by  Injecting  anti-hicmolyBin ;  in  fact,  Todd  hag  shown 
experimentaUy  that  a  ho?moglobini:ria  produced  in  guinea-pigs  by 
injection  of  3.  Megirtherium  can  he  prevented  by  the  fihnultaneona 
inoculation  oC  an  anti-aemm. 


rV.— H^MOLYSLVS    AND    ACOLCTININS    OF    CERTAIN    PLANTS 

Tliese  are  called  phytalbumoses,  because  they  give  chemical 
reaction  like  albumosea ;  ricin  and  abrin  are  thp  moflt  important 
meml>er«  of  tliis  pruup.  The  former  of  theae  is  obtainad  from 
the  seeds  ol  the  Ricimis  Vmnmuni^,  from  which  also  caator-oil  is 
prepared-  It  is  very  poiaonoua  when  inoculated  into  animalsi 
and  ltd  inj«otton  in  /gradually  increasing  aub-lcthal  doses  leads  to 
thfj  produiTtion  Jh  the  injected  animal  of  anti-ricin.  Moreover, 
this  anti-ricin  serum  when  inotuhited  into  anothpr  animal  (mouse] 
will  confer  on  it  immunity  against  ricin  inoculation.  Ricin  doea 
not  poBseas  any  hemolytic  power,  hut  it  id  capable  of  causing 
agglutination  of  the  erythrr>cytes  of  most  animalfi,  and  an  anti- 
body to  this  reat^tion  fan  also  be  jiroduced  by  progressive 
inocnlation.  The  agglut mating  and  toxic  sctinns  seem  tci  rim 
paraliel  with  one  another,  and  Jacoby  (^)  haa  recently  shown  that 
a  precipitate  ionus  when  a  clear  ricin  solution  ia  mixed  with 
anti-ricin  sernm.  Jacoby  describes  the  ricin  receptor  (that  is,  the 
anti-bndy)  as  having  three  combining  groups  :  one  haptophoric, 
uniting  wirJi  erythrocytes;  one  toxophuric,  causbg  iioisoning;  and 
one  agglutinophoric.  canaing  agglutination.  He  was  able  to 
produce  three  modifications  of  ricin.  one  in  which  the  aggluti- 
nating group  remaiued  active  but  the  toidc  one  was  eaturatod; 
atiothcT  in  which  the  reverse  obtained,  and  a  third  in  which  both 
agglubiiLophorio  and  toxophuric  groupB  were  saturated.  Perhapt^ 
the  moat  interesting  part  of  Jacoby'e  work,  however,  is  that  he 
was  able  to  prepare  ricin  free  from  any  trace  of  proteid.  All  other 
toicic  substances  which  can  produce  antitoxins  seem  to  be  proteid 
in  nature,  and  the  preparation  of  ricin  in  a  proteid-free  state 
would  tend  to  indicate  that  the  apparent  proteid  nature  of  some 
at  least  of  the  other  bodies  is  due  to  admixture  with  proteid.  It 
BhoiiJd  be  mentioned  horoi  however,  that  Osborne  and  McndoU") 
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i\e  been  unable  to  obtain  proteid-free  ricin :  the  active  product 
lich  they  obtained  by  very  carefal  work  gave  an  elementary 
oomposition  identical  wtthprotoid;    it  bIbo  gave  certain  of  the 
proteid  reactions, 

It  ia  of  intereat  to  note  m  this  connef^tion  that  other  vegetable 
'prisons,  such  as  alkaloids,  do  not  produce  anti-bodies.  Tn  fact. 
,we  do  not  know  of  ^jiy  substance,  whose  cheniical  atructiire  ia 
ftcciuately  known,  which  does.  The  discovery  of  the  chemical 
I  constitution  of  any  of  thcao  poiaona  which  can,  when  inoculated, 
lead  to  the  production  of  anti-bodiea  would  be  of  inestimablB 
;v»liie,  fnr  then  a  niufh  clearer  Insight  could  be  obtained  into 
<tihe  chemical  nature  of  nnti-hodles  and  oi  their  numerous  moditi- 
Fcationa. 

Abrin»  a  phytalbumoee  ohtained  from  the  seeds  of  Ahrns  pre- 
iforint,  alao  posaosaes    toxic  and  agglutinating    properties,   and, 
iby  Inoculation,  anthbodiea  can  be  produced  agairt»t  its  action. 

The  agglutinnting  properties  of  these  two  vegetable  toxina  are 
very  closely  related  to  a  htoniolvaing  action  shown  by  certain 
^other  phytalbumoeeB  such  as  phalhn  and  crotin.  The  latter 
[poison  produces  hiemolysia  of  rabbit's  erythrocytes  and  flgglntina- 
Idon  of  those  of  the  sheep,  pig.  and  oi.  Theie  can,  therefore,  be 
DO  doubt  ihab  the  two  proceaaes  are  akin,  and  Ehrhch  sugge^ 
that  the  agglutinating;  dubatancc  of  pliytalbumo^es,  which  is  the 
more  evident,  ia  the  same  thing  aa  the  lifemolyaing  substance:  the 
agglutination  J   where   it  alone   ia   exhibited,   hindering   hiemolysia 

»by  dumping  the  corputtcle^  together.  In  fact,  Eauiugarten  has 
fhown  that  vigorous  shaking  of  erythrocvtea  agglutinated  by 
means  oi  ricin  and  abrin  causes  partial  hccmolysia.  It  is  dilGcult 
to  see^  however,  how  this  view  of  EhrUeh  can  be  accepted,  if  be 
couHtdera  as  different^  the  agghitinlna  and  haimolyains  derived 
■Iiom  other  flourcea. 

Cytotokins 

Erythrocytes  and  bact<?ria  are  not  the  only  anintnl  cells  which 
when  injected  into  an  anunah  cause  lysogenic  substance  to 
ted.    Any  other  animal  cell  can  do  the  aame  thing.     Tbua, 
discovered  by  MotcbnikofiC^),  if  the  leucocvtea  of  a  rabbit 
(lymphatic  gland  or  red  marrow  of  hone)  be  injected  every  four 
days  into  a  guinea-pig  for  several  weeks,  the  serum  of  the  guinea- 
pig  will,  if  added  to  rabbit's  leucocytes,  quickly  dissolve   them. 
Thia   can    be   obBcrved   under    the   microscope.      The    ao-called 
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leiicotoxiii  which  is  thus  produced  in  the  guinea-pig  is  veiy 
specific  in  il«  nature,  affecting  the  leucocytea  only  of  animab  of 
Ihe  same  specieB.  If  the  [eucotoxic  Hsnim  be  heated  to  b^''  C,  it 
lusea  ita  lyMogpnic  power,  but  can  be  reactivated  by  mixing  with 
normal  eenmi.  A  large  injection  of  leucotoxic  aeiuin  will  kill  an 
animal  (in  the  above  case  a,  rabbit),  but  if  the  injections  be  at 
first  in  sub-lethal  doaea  and  be  repeated  in  gradually  increasing 
dosage,  an  arui-leucotoxin  will  be  developed  in  th^?  injected 
animara  aarum.  In  every  respect,  then,  these  bodies  act 
like  htemolysina,  and,  indeed,  they  are  produced  by  ^he  aame 
mechaniam,  amboceptors  o£  the  third  order  being  liberated  in 
the  blood  by  the  overproduction  o£  certain  receptors  cf  the 
tissue  cells,  on  account  o£  Bimilar  ones  having  been  rendered 
functionless  by  the  injected  cell  uniting  with  them. 

Spermatozoa  c-an  alao  produce  ^pcTinoto:£ins  when  injected  into 
an  animaL  These  dificr  from  Icucotoxina,  however,  m  that  they 
can  produce  solution  not  only  of  spermatozoa,  but  alao  of  the 
erythrocyt<33  of  the  same  animal.  Such  a  serum,  therefore,  contains 
both  tifemolysins  and  Bpermotoxiiis,  The  explanation  of  this 
result  is  that  spennatoaoa  poaaess  some  receptora  which  are 
aimilar  to  tUoac  o£  the  erythrocytca.  In  this  caeo  abo^  an  anti- 
apermotoxin  can  be  produced  by  the  gradual  injection  of  spermo- 
toxio  serum - 

Ciliated  epithelium,  obtaineU  by  scraping  the  trachea  of  the 
ox,  and  HLiapended  in  isotonic  s&\t  aolutlon*  when  injected  into 
another  animal  also  produces  a  ao-called  aTiti-epilftdiarn.  eerttm^  i.e. 
an  epitlieliolyain.  Here»  again,  a  bffimolyain  became  coiacideatly 
developed.  This  interesting  reault,  diacoverad  by  von  Dungem  [% 
led  to  the  hope  that  other  forma  of  epithelium  would  alao  produce 
epitheiiolyainB,  and  that  one  for  cancerous  cells  oiigbt  be  obtained* 
So  far,  however,  this  hope  has  not  been  rcahaed. 

It  would  be  auperfiuoua  here  to  describe  in  detail  the  other 
eytotosina  which  have  been  obtained.  They  all  behave  according 
to  the  laws  we  liave  described  above,  anil  the  moat  Important  of 
them  are  :  NejihToiozin,  obtained  by  injecting  a  fresh  emulsion 
of  kidney  eelb;  and  producing  albuminuria,  when  injected  into 
auitflblc  ammala;  Netirotoxin.  obtained  by  injecting  into  the  ab- 
domen of  geeae,  emulaion  of  dog'a  brain;  and  producing,  when 
injected  into  the  wrebnim  of  dogs,  marked  convulsions  and  death ; 
HeptloUjiin,  obtained  by  injecting  emulsion  of  liver  cells,  &c. 


?uj?:ciPiTiNS 


465 


»! 


B^ 


PR^CIFiTINS 

Not  only  toJcina  and  living  eells,  but  also  'prot^ids,  can, 
Leo  injected  into  an  aniinat*  lead  to  the  production  of  specific 
boJiea  with  which  they  react.  In  this  case  the  reaction  tftkea 
the  form  of  a  precipitation,  hence  tbeae  bodies  are  called 
Pripcipitins,  For  example,  the  normal  blood  flerum  of  a  rabbit 
ea  witli  the  normal  blood  serum  of  a  horse  without  any  pre- 
cipitate forming;  if,  however,  horse*a  senim  be  frequently  inocu- 
lal*^d  in  amall  doeage  into  a  rabLit,  the  serum  o(  the  latter  will, 
ter  Bomc  time,  produce  a  precipitate  when  mixed  with  hotsc^B 
aerum  (TaistowilBch  ^).  It  may,  in  fact,  be  stated  as  a  law  that 
the  repeated  inoculation  into  an  animal  of  a  prnteii  foreign  to  ita 
ifiaEies  Eeada  to  the  produL'tioEi*  in  the  blood  aerum,  of  a  pTcecipitin 
acting  only  on  the  proteid  uaed  for  inoculation.  In  such  experi- 
ments with  blcKid  aemm  there  will,  of  coiirae,  be  prodaccd,  beaidcs 
the  priecipitina,  various  otber  anti-bodies  (an ti- complement,  anti- 
agglntiniuH,  Sic).  The  mechanism  involved  in  the  pioduution  of 
praxjpitine  is  probably  identical  with  that  involved  in  the  pro- 
duction of  agglutinins — i.e.  receptora  of  the  second  class  are  re- 
generated in  over  excess  as  a  result  of  similar  receptors  having  been 
fitted  by  the  injected  proteid. 

A  large  number  of  prBocipitina  have  been  described,  and  it 
y  be  of  interest  to  nieniion  a  few  of  the  more  typical  of  theae. 
cow^s  milk  be  injected  into  a  rabbit,  the  rabbit^s  aerum  wiH 
precipitate  the  caaeinogen  of  cow'a  mUk  (lactoaenim)  j  albuminuric 
human  uriao  produces  in  the  serum  of  an  injected  animal  a  prn^- 
Ipiton  for  the  proteid  of  albuniinuric  urines ;  vegetable  proteid, 
a  serum  precipitating  ve^table  proteid;  egg  albumin,  a  serum 
precipitating  egg  albumin ;  peptone,  cne  precipitating  peptone, 
so  forth.  It  is  of  Lmpoctauce  to  note  hera,  however,  that 
prrecipitins  produced  by  the  injection  of  the  blood  serum  of  one 
animal  into  another  react  with  tlie  serum  of  all  closely  allied 
ammala-  Thus  if  human  serum  be  inoculated  into  a  rabbit,  the 
prsecipitin  thereby  produced  in  the  rabbit  will  precipitate  the 
proteid,  not  only  of  human  serumj  but  alao  of  that  of  the  higher 
apes-  Similarly,  the  aerum  o!  a  rabbit,  inoculated  with  the  serum 
of  a  hen,  can  precipitate  the  proteida  in  the  aerum  of  a  pigeon. 
In  the  same  way  no  pra-'cipitin  is  prcduced  by  injepting  the 
serum  of  an  animal  Into  another  atitmal  of  the  same  genusn 
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Thus  hj  injecting  tlie  blow!  of  a  pigeon  into  a  hen,  or  that  of  a 
rabbit  into  a  pimea-pig,  no  preccipitin  ia  developed.  Tke  praii- 
cipitiiL  produced  l>y  injecting  the  milk  of  one  animal  into  another 
of  &  different  apedea  U  also  specific  in  ita  nature.  Thus  if  cow's 
milk  bi?  JiijwrtHi  int*j  a  rabbit,  the  rahbit's  a«runi  will  prRcipitate 
the  cudcin  of  cow's  milk,  but  not  thai  of  a  goat  or  of  hucian 

EEulk. 

The  production  of  pnecipitina  has  received  a  pr^ttical  applita- 
tion  which  may  be  of  considerable  medico-legal  value.  Thifl 
applies  to  the  detection  of  human  blood  wliit^h,  when  presF^it  in 
amall  amount,  camiot  be  distinguished,  with  certainty,  from  that 
of  any  other  animal,  by  any  of  the  older  teats.  Tho  new  teat  we 
owe  to  Ah  Waaaermann  C).  It  depends  on  the  fact  that  the  senim 
of  a  rabbit,  Bubf.utaneously  inoculated  several  times  with  human 
serum^  will  give  a  precipitate  in  any  solution  containmg  the  pro- 
beida  of  bumau  blood  aerum-n  or  of  some  of  the  higher  apes,  but 
not  of  other  animals-  The  csoct  technique  of  tht  method  u  aa 
follow*:  The  blood  fltain  or  cniBt  is  macerated  in  iaotonJc  salt 
solution,  and  filtered.  The  clear  filtrate  is  divided  into  two 
parts,  eadi  of  wljich  i.s  plac*^d  in  a  anmil  t-eat-tube.  To  one  of 
these  is  added  the  precipitating  rabbit^s  aemm:  the  other  is  left 
standing  to  s^rvc  as  a  control ;  into  a  third  tube  is  placed  some  of 
the  pne^ipitating  serum  alone  ;  and  into  a  fourth  tube  a  uustuic  of 
the  pncs^ipitatiiig  serum  and  Home  iTidifTerent  serum  (of  an  ox)  in 
phyaiologieal  aaline.  Theae  fonr  tubes  are  placed  for  about  an 
hour  in  an  incubator  at.  body  temperature.  If  the  stain  be  due 
to  human  bloodn  a  predpltato  or  cloudiness  will  develop  in  the 
first  tube,  but  all  the  others  will  remain  clear.  The  amount  of 
preeipitate  produced  by  mixing  the  human  praecipitin  with  the 
blood  Bcruni  of  an  ape  is  most  marked  wit-h  those  apes  higher 
up  in  the  Hcalc  of  the  Primatea.  Indeed,  as  Nuttall  (^*]  and 
others  have  shown,  the  biological  relationship  of  one  animal  to 
another  can  be  verj^  clearly  defined  by  this  reaction.  It  may  be 
well  to  mention  that,  altliough  the  use  of  WasflermaQn''a  reaction 
lor  the  detection  of  human  bliMxl  is  undoubtedly  nf  great  medioo- 
legal  value,  it  will  rcriuire  some  further  elab<»ration  before  it  can 
be  used  as  an  absolute  teat;  there  bemg,  apparently^  a  tendency 
in  aome  cases  for  anti-prieclpitins  Co  be  developed,  and  these  of 
course  uinsk  the  reaction.  The  method  has  a  further  practical 
application.  If  an  ejcbract  of  horae  flesb  be  inoculated  into  a 
rabbit,  this  rabbit's  scrum  will  produce  a  precipitate  in  eitracta 
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of  horse  flesh,  but  not  in  e^trftcu  of  ox  fleak     In  tliia 
fleab  can  l>e  (lifltiiiguiahed  from  ox  flesh. 


way 


tiorse 


Altliough  Elulich'a  theory  sIiowb  ua  how  anti-bodies  in  general 
may  be  prcKliKed>  it  does  not  explain  why  certain  baeteria,  Bucb 
as  those  fit  typhoid  fever  and  cholera,  should  eierdao  &  toxic 
action  on  tbe  tiaaues,  when  neither  of  cheae  bacteria  libemtea  any 
tojdna  into  tbe  culture  fluids  in  which  they  are  grown.  The 
flide-chain  theory  telle  us  that  Etnti-bodiea  against  bacteria  are 
produced  hy  a  process  analogous  with  that  which  produces  hie- 
molysins,  hut  it  lea.v'?s  nnexplained  how  them-  hacttria  tfiernsdvcs 
poison  the  tissitfs.  Radzievflky  {^^)  lia*  tried  to  explai.a  their 
action  by  aupposing  that  they  are  d&atroyed  in  the  body,  and  that, 
aa  they  fall  to  pieces,  the  toxins  which  act  on  tbe  tissue  cells 
are  liberated.  As  Welch  has  shown,  however,  such  a  mechaniam  ia 
impossible,  fi.nd  to  explain  tbeir  toxic  action  tlds  worker  haa 
suggested  another  liypothE^sia.  He  pointfl  out  that  atl  invmiiiig 
lis  (bacteria,  erythroc^'tes^  epithelial  cells,  spermatozoa,  &c.) 
are  acted  on  by  the  tissue  cells  in  the  flame  way  as  these 
I  latter  act  on  the  bacteria,  &c. ;  that  is,  by  the  intermediation 
of  reC4!ptors.  The  baetprium,  he  aupposen^  posse^eB  a  variety  of 
I  rtjceptors,  flonic  of  wVwh  hk  fitT^^i  by  retreptora  of  tissue  v-elh, 
I  and  are,  therefore,  rendered  functionleaa  to  the  bacterium.  As  a 
consequence  of  this,  then,  the  bacterium  reproduces  its  Jost  re- 
•  ceptors  in  over  excess,  and  sheds  them  into  the  plasma,  where, 
I  obeying  the  same  laws  which  apply  to  tissue  receptors,  they  will 
1  anchor  on  to  the  tissue  cells  of  the  host,  and,  by  bringing  tbe 
^MComplement  into  contact  with  these,  will  thereby  poiaon  them. 
^H^  '*  It  may  perhaps  aid  in  grasping  tbe  ideas  here  preseoted  to 
^Bma^ne  the  bacterium  in  the  capacity  of  the  host,  as  a  structure 
^^  RO  large  that  one  could  inject  animal  cells  into  it.  Provided  the 
proper  receptor  apparatus  he  present,  the  resulting  reaction  on 
■■the  part  of  the  bacterium,  as  described,  would  be  a  process  of 
■"  immunisation  against  the  animal  cells,  through  the  intermediatioii 

. of  flpecific  rellulicidal  substances"  {Welch)^ 

^^k  This  reciprocal  reaction  of  tissue  cell  and  invading  cell  might 
^^■ne  repreaenteil  by  a  formula  somewhat  on  th^  same  plan  as  that 
I  suggested  by  Sollumnn  ("^).  Lt't  //  represent  the  cell  of  tbe  Lost, 
F  the  invading  cell.  R  the  amboceptor  attached  to  //,  R'  that 
attacked  to  F,  and  C  the  complement.  We  have  seen  that  the 
complement  C  is  present  in  normal  serum,  and  that  it  is  unaffected 
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by  inoculation  ;  we  may,  therefore,  for  the  wke  of  argument, 
represent  it  as  always  present.  When  F  comes  In  contact  witli 
N  the  following  reaction  will  cnane — 


H—R- 


/ 


\ 


■b:—f 


4 


The  amhoceptofH  R  and  ff — each  with  two  valency  bonds,  one 
of  which,  in  each  case,  13  saturated  with  C  and  the  othera  com- 
bining together — arc  therefore  reniJcTcd  fanctiorJesa  for  the  cells 
B  and  F,  and  ace  reproduced  by  these  cells  in  exeess,  so  that 
they  uome  to  float  free  in  the  blood  plasma,  in  which  will,  there- 

G  C 
fore,  be  found  two    mutually  antagonistic  groups     /        \ 

both  incapable  of  anchoring  on  to  the  cell  which  produced  them, 
but  capable  of  uniting  together  or  with  receptors  of  the  opposing 
cell.    If  these  groups  be  in  equal  amount,  a  neutral  bodyiepi«aented 


by  the  formula     / 

n 


G   C 


\     will  be  formedj  and  no  linkage    of 

F  to  H  will  be  posaibio-     U  either  should  ho  produced  in  eseess 
of  the  other,  however,  damage  of  the  opposing  cell  will  ensue; 

C  G 

thus,  if  /     be  in  ozceaB,  it  will  anchor  on  to      \  and  F 

R-  ir—F. 

will  be  destroyed-     By  such  a  ccnccption,  the  production  of  anti- 

hiemolyBina,    kc,  can  be  esplained;  these  being  represented  by 


\     the  free  combining  group  of  R'  uniting  with  the  free  group 

— B^ 
of  R,  and  thereby  preventing  its  union  with  the  erylhroeytea, 
(See  also  Arrhenias^s  explanation  on  p.  47h)  Such  a  formula  would 
require  modification  for  antitoxins,  since  In  this  case  no  ambo- 
ceptors, but  only  a  simple  receptor,  unites  the  toxin  to  the  cell. 
The  formula  representing  the  action  of  tosJu  T  on  a  cell  H  would 
stand  H  -  R  -  T,  and  the  anti-toxin  would  be  R,  which,  combining 
with  the  available  af^ty  of  T.  would  neutralise  it  and  prevent 
ita  action.  The  toxin  not  being  a  living  cell,  cannot  regeaer^te  its 
lost  rereptors. 

It  hod  been  stated  above  that  the  process  of  hfemolyais  is  ana- 
logous to  that  of  bncteriolvsiB,  and  that  it  ia  by  the  latter  process 
that  the  tisane  duids  destroy  invading  bacteria-     Such  a  view  had 
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lor  several  years  been  generally  accepted  in   place   of  the   older 

one  cf  Meklinikot!  nud  his  pupils,  tbfi^t  luvading  bacteria  are 
dealt  with  b}^  the  leucocytea  by  a  proceaa  of  phagocytoaia.^ 

By  an  accorato  Btudy  of  lia[!mo]yal8  it  waa  hoped  that  a 
Buffirieot  knowledge  of  the  exact  nature  of  the  Idndred  procesa  ol 
bBt'terioIysia  would  be  forthcLuniLg,  whereby  a  cure  for  these  in- 
fections due  to  bacterial  invasion  could  be  obtained.  Such  4  hope, 
however,  has  not  been  realised,  and  very  recently  a  revival  of  the 
older  theory  o(  pliagocytoaia  haa  occurred,  a  revival  due  in  main  to 
the  iliecovery  by  Wright  and  Douglas  ('")  of  certain  aubatances 
Ln  normal  serum  whieh  so  act  on  bacteria  as  to  render  them 
BuaceptiljJo  of  being  taken  up  by  the  leucncytea. 

Let  us  conddcr  one  or  two  of  the  main  experiments  which 
demonatrate  tiiia  power  of  normal  scmm.  To  measure  the  phago- 
cytic power  of  leueoc)-tes.  Wright  and  Douglas  mixed  a  suapenaion 
of  washed  blood  eorpuBclea^  or  other  fluid  containing  leucocytes, 
with  an  equal  bulk  of  a  suspension  of  bacteria  (*i.g^  B.  typhosus, 
D.  pneumonia,  B.  cob,  streptococci.  &c.),  and  placed  the  mixture 
in  the  incuhator  at  ^7^  C.  for  about  fifteen  mitmtcs ;  they  then  made 
a  smear  of  the  suBpenaion  and  stained  it  in  euch  a  way  aa  to 
demonstrate  the  bacteria  which  had  been  taken  up  by  leucocytea* 
In  this  way  they  were  itble  to  eoiirtt  the  average  number  of 
bacLeria  taken  up  by  each  leucocyte.^ 

If  leucocytes,  washed  free  from  serum  by  isotonic  saline,  be 
treated^  as  above,  with  a  suspension  of  bacteria^  the  leucocytes 
do  not  take  up  any  of  the  bacteria,  but  if  normal  blood  serum 
be  present  in  the  mixture  then  each  leucocyte  may  lake  up  as 
many  as  ^5  bacteria.  Serum  evidently,  in  some  way,  atimulates 
phagocytoaia-  How  docs  it  do  this'f  It  might  be  that  the 
Beriim  had  stimulated  the  leucocytes  to  increased  phagocytic 
power;  or  that  it  had  not  affected  the  leucocytes  themselves,  but 
had  rendered  the  bacteria  more  susceptible  to  being  taken  up  by 
them.  The  latter  was  shown  by  Wright  and  Douglas  to  be 
actually  what  occurred,  for  if  the  bacteria  be  iirst  incubated 
with  some  normal  sorum,  and  then  washed  free  of  all  trace  of 
adherent   serum    by  saline,  they  are   readily  taken   up   by  th« 

'  In  Lbia  oMcr  thcorj  it  is  iuppoafid  that  ihc  Tctjaacyteci,  In  virtue  of  theif 
ponvr  of  phaKacfliosi*,  calcb  hold  of  the  invuding  bacteria,  And  hj  includiDi; 
them  En  thinr  protopliuni  rondct  tliom  jDDDCQoufl  uoJore  the  bacterin  bo  qC  euch 
vLrulflDr^o  Ds  lo  poi>.ot]  Oia  Wiicacytet,  nnd  tbuE  parm.lyEe  ibeir  phagocytic  power. 

'  i.t.  by  LGltbmELn'K  iDi^thoti. 

'  Ic  1«  tliB  pulyimuleAr  Leucocjieft  whkli  act  as  phogeajieH,  To  obtalo  the 
ii¥en£e,iEiebscterialBkGnupby  fibout  iwDULj'QvupliagocjtBAHhaaLd  becoiuitad. 
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leucoc^es  when  a  bacterial  auapenaian  is  mixed  witli  a  Hiiai)enBion 
of  washed  leucoc3'tea. 

yoQiftlung  must  therefore  be  contained  in  normal  blood  senim 
which  rendere  bacteria  susceptible  of  being  absorbed  by  leucocytes. 

This  substance  they  have  name*l  an  ojjsonin  (feast  prppirer). 

By  heating  the  Tiomial  tienjin  ta  (lO"  or  (JiV  C.  for  fifti*en 
niiniilca  ita  opsonin  is  destroyed,  and  it-  ia  now  no  longer  capable 
of  senaitiairp  ba<?ti?ria  towarda  leucociyteaJ  If,  on  the  other  hand, 
the  bacteria  be  lirst  of  all  incubfited  at  o7^  C.  with  ncrmed  serurji 
and  then  healed  to  tiO"  or  i3c'  C.  they  remain  sensitised. 

Tiiese  experinenU  recall  much  of  what  has  been  described  in 
connection  with  Ehrlich's  aide-chain  theory.  The  opsonin  probably 
poaaeases  n  haptophoric  group  whtreby  it  unitea  i^ith  the  bacterium, 
and  on  activating  group,  whereby  it  produces  some  chemical  or 
other  changp  in  the  leucocyte  which  atimulatee  the  latter  to 
absorb  the  barteriiim.  The  activating  group  ran  produce  this 
effect  on  the  leucocytes  only  after  the  haptopboric  group  baa 
become  fixed  to  the  receptor  of  a  bacterium.  The  one  group  ia 
like  the  haptophoric  group  of  a  tzomplement,  the  other  like  the 
acting  group,  and  this  analogy  to  the  complement  ia  further  sus- 
tained by  the  instability  oE  opaonins  to  heat. 

The  opsonins  in  the  blood  aerum  of  one  apeciea  may  eeositise 
bacteria  towards  the  loucoc^'tca  of  a  difieront  apeciefl. 

Dead  bacteria  can  absorb  opsunina^  for,  if  serum  be  digested  with 
these  it  can  no  longer  Hensitise  living  bacteria ;  the  receptor  group 
of  the  Imcterium  therefore  atill  rt^maina  capable  of  joining  with 
the  haptophoric  group  of  the  opsonin  aft^r  the  bacterium  is  dead. 

In  aomp  intfirestiug  expcrimerts  recorded  by  Bulloch  and 
Atkin  ('^)  it  is  shown  that  all  healthy  leueocytea  posHesa  an  equal 
phagocytic  power,  provided  they  be  brought  in  contact  with 
the  same  ijacteria  sensitised  by  the  aanie  opsonin.  If.  on  the 
other  hand*  different  opsonins  be  uaed  to  senflitiae  the  same 
bacteria^  and  these  latter  bo  brought  into  contact  with  the  same 
leucocytes,  the  number  of  bacteria  picked  up  by  each  leueocvte 
will  be  found  variable.  0[Honins  from  different  individuals  possess 
different  sensitising  powers.  Of  great  significance  is  oue  result 
obtained  by  Bulloch  and  Atkin  showing  that  the  blood  serum 
of  a  girl  suffering  from  facial  lupus  and  tubercular  sorea  on  tho 

'  Tlic  heat  clu£tri>yft  tbs  BntnDDi  uf  cpsonln  pn^Eent  in  normnl  ^ernni  [it»  Leirpd 
b.T  WrJ^lilV  nitiUjod].  ApaiLtut  lufcctDd  wjih  luberculcsja  ]ia^  upi^onm  Ln  bts 
biood  wbich  io  noli  all  de^trojcd  bj  heat  in  la',  Bt  lliis  simpie  test  (;*&ea  o( 
lubcraLi|{j»p  can  be  diaf^^oicd  {T^'l'i^ht].  The  iujectioo  of  tmclein  mcfcaaca  ibc 
gii^nrit/  of  opBDnio  (BuUoob).— (ffrfi'trf  Note.) 
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hands  tymtauiecl  much  leas  active  opBonin  tow&rds  the  tiilicrcle 
bacilluH  th&ii  did  the  blood  serum  of  n  hcnltliy  Ijidividual-  Oil 
the  other  hand,  the  leucocytes  o£  the  tubercular  girl  could  take 
Up  aa  many  tubercle  bacilh  &a  thoso  oE  h&althy  Borum  when 
normal  Wood  aemm  was  employed  to  furnish  the  opsonin,^ 

III  corchir+ion.  it  nmy  be  staled  that  although  tho  aide -chain 
theory  is  the  only  one  which  caa  be  at  present  employed  to 
explain  all  the  intricate  reactions  and  intl^^actions  of  immune 
boJio3,  tliero  poBsibly  e^fiats  a  much  simpler  relationship  botwotu 
tlieni.  Indeed  ArrhenluB  (^)  and  Madst^n  have  recently  shown  that 
many  of  the  procesM-a  l)eiiave  according  to  simple  c  ho  mi  ra!  laws 
of  ncutralifiaticn  and  solution.  For  example,  the  neutral uation 
oF  tetantia  toxin  by  Ita  antitoxin  behaves  according  to  the  same 
laws  as  tho^e  which  govern  the  Deutrahsation  of  a  weak  basu  by 
a  weak  ocid ;  ^  and  the  action,  of  varying  amounts  of  agglutinin 
on  a  suitable  bacterinm  is  analogous  with  the  behaviour  of  a 
soluble  substance  in  varying  amouuta  of  two  different  solventa. 

The  extreme  importance  of  Ehrlich's  theory  as  a  meana 
of  predicting  what  interactions  of  toxins  and  allied  bodiea 
are  possible  cannot,  however,  be  overeatimaled,  and  a  thorough 
maalery  of  the  theory  in  all  its  details  will  well  repay  all  who 
possess  it.  It  is  the  scaffolding  from  which  the  worker  is  able 
to  build  up  and  piece  together  the  diHconnectcd  material  prGe<!Lted 
to  him_  The  complicated  HcaSoldlng  must  stand  till  the  simpler, 
but  more  durable,  su|>eratruL'fcure  is  completed.  Without  it,  no 
progreiu  in  the  work  is  possible. 

The  opsonid  value  of  tho  f^PL'um  is  liLrtOaEQ^l  fpccilicully  hy  the 
injfetimi  uf  minute  tbises  cif  dead  hjuTteriu,  t^jj.  -J^^  rngr.  tubereuUn- 
(A  negative  phase  precede*  the  positive  phase.)  SuphyUrtotcio  in- 
f(>ctiont;  (boila  And  acne)  and  tuberctdnr  k'^iotts  nro  holng  ducaeflfl' 
fully  treated  hy  this  method  of  ^'accitifltiun.  Auto  inoculation  occurs 
on  infection,  and  this  may  be  Uw  mtich,  loailin^  to  n  persistent  nega- 
tive phn£Q  and  denth,  of  too  litll^,  leading  to  a  ehrcroie  leeJon.  In 
the  fimt  caati  Quto-iuoc^ulation  is  limited  hy  rwt,  i.e.  by  ki^epiiig  the 
cLrculatioiL  quiet  in  the  ii;fueted  part^     lu  the  second  caae  fouieDba- 

'  Dftrrnlt  ("1  luia  ilcinoriat rated  lliflt  red  corpuBcle^  ijibt  bt  ealen  by  plm- 
gucytLs  under  iht  inflnCDceof  ah  op»<^Eiiii  after  reinoval  of  aErjhocet'for  from  tljv 
semm-  Thfl  BeratD  of  a  i^oat  Jrijeulgd  wilfa  alj&Dp^K  Tt>rl  ci^'fiim^lva  mutiMjd  vht- 
gocytoLU  nf  rabbit'*,  6]m>v|i~«  iin<1  ilurf'i  rod  corpuedte.  TliI*  piovM  ihftf 
opaanin  aii'l  Hnitof^eptar  ar^  difTvrant  ■utMlJ^w^^ jfrjirffr' t  jVof/.) 

■  Tbts  candu&ioD  i»  con  r  rovert'"'  '  '*  ■.■'    i    i^-nv  I'^'i,  wfin  T 

be  caa  ai'pariite  a  neLiiriil  rijuiu'*'  i  '   liv  iLvjifm 

gelatine  ^llcr^  a  r^^mlt  whk^  ^'i  rti.  )\'»  it 

Crow  rlimka  tJio  union  ''  i»iri 

riMAmbles  that  of  ■  tli 
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tioii6,  &c,  ai'e  employed  to  bring  tnorv  bluoJ  to  the  part.  Thus  the 
old  metbode  of  trea.tni«nt  ar&  exjilitioed  by  the  ^lificorery  of  opAcBin.. 
\'bOci>iatiL>ii  H  m^Lirto  into  kcJ^lihy  subcLititneriiLt^  titiHUCS  to  excite  the 
prcwiuctioii  of  thf  si>t3cific  opjsoniii  tbere  (Wnght), 

Ni'isjicr  unci  hiifb*!  bave  marie  the  following  fltriting  discovery  r^ 

(1)  A  iiibbit  in  tmmunified  ui^oin^t  ox  blood.  The  rabbit's  ^^ruin 
ie  thus  amde  hain^olytic  to  o^  i^nd  to  slieop  Hood  {H).  Tbis  mbbiVa 
Seniin  (A)  on  ^Lmdin^  luses  tbi*  complHiitQiit, 

(2)  Nortonl  ^iaeii-piff'fl  s^iim  (£)  etin  compUmeTit  the  mbblts 
$erum  (A). 

(3)  A  Uhbbit  is  imijiiiiib^ed  against  aiVkti's  f^vium^  Tbe  flenim 
(C)  of  tbiii  rubbit  mixed  with  A  nnd  B  baa  do  effact  ir  preventing 
hffimolyeiH  oF  S, 

(1)  A  trace  of  Imnum  eei-uiu  nd<li?d  to  A,  B,  oniJ  C  prevenU 
h^molysU  iif  S.  OuO'milHoi]!!]  of  u  unbic  centimetre  of  bumiLn  Hemm 
CAD  thiiA  be  identifienl  I  Serum  drifd  on  UncTi  for  two  nioutb»  gives 
tbe  tost,  ApQ^t^  Aerum  wilionly  act  in  coim^nti'A.ticii  of  one-tliouaatidtL 
of  a  cubic  cetitimeti  e,  so  tbe  test  ia  uio.^t  dpecLdc. 

The  proteid  (^onfAitieil  in  1  ex.  of  ftonim  on  wbicli  the  reitption 
depends  cannot  weigh  more  than  ahont  "05  grm,»  tbiia  ^UnOo'ci.ooa  F''"' 
of  proteid  can  be  detected. — [EdU^r't  Noie.) 
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CHAPTER    XV 


TRB  RESPIRATORY   EXCHANGE 


HUiork<tl  I jUroductvm, --The  neco&eitj  of  reapiration  for  the 
support  oE  life  muat  have  beoa  one  of  the  earlicat  facta  l(>amt  by 
piimitive  man  ;  the  moat  obvioiifl  signa  of  liie,  wbon  the  voloiitar}" 
ttctivittea  of  the  body  are  suspenckd  by  skep.  ar?  the  movements 
of  the  chest,  &nd  sleep  Is  moat  easily  dlatinguiHlied  from  death 
by  the  presence  of  breatliing.  The  influence  of  this  early  know- 
ledge, the  ftS3ociatiou  of  life  with  breathing,  is  shown  in  the  moat 
ancient  writings,  and  Burvivea  to  the  present  day  in  the  common 
phrases  of  every-day  life. 

Notwithfllariding  tJie  inipoctance  which  was  rightly  attached 
to  the  renewal  of  the  air  in  the  lungs,  the  true  natuie  of  breathing 
remained  quite  unknown  for  centiiriefl.  About  the  year  294  B.c, 
EntstHtratua  taught  that  the  arteries  carried  air  from  the  lunge 
to  the  various  paftfl  of  the  body ;  those  vesseU  contained  air  and 
air  only,  and  the  blood  wa^  carried  in  other  \eflti4?ISj  the  veitis.' 
This  view  Galen  overthrew  when  he  demonatrated  by  experiments 
that  the  arteries  contained  not  air  but  blood  alone.  The  pulmonary 
circulation,  however^  was  unknoira  to  him ;  he  believed  that  the 
ventricular  septum  of  the  heart  was  perforated  by  small  pores, 
and  the  sola  function  of  reapiration  was  to  cool  the  blood.  It 
is  true  that  he  reco^iised  two  Irinda  of  IiIoimI,  the  venous  and  the 
arterial,  hut  he  thought  that  the  ^-eina  carried  blood  io  the  grosser 
organs  auch  aa  the  hver,  and  the  artf^rioa  conveyed  the  purer 
blood,  which  had  been  refined  in  the  left  ventricle  of  the  heart, 
to  the  more  delicate  organs,  euch  aa  the  luuga.  These  viewa  were 
accepted  for  centuries  aft^r  the  death  of  Galen  in  19^^  a-l>. 

The  circulation  of  the  blood  through  the  lungs  was  diacovered 
about  the  year  1553  by  Servetua  (^),  wi  ardent  theologian,  whose 


'  llie  Krtorieit  bppcv  Ig  have  bfl«a  conmder^d  l>j  bueub  of  tb«  uDoSenLi  to  be 
tamiftc&lioDf  vf  ibt  vicd^pip^t  or  BTtcrU,  called  iLtcr  4  if^i**!*  Tpt^x'^  ^r 
4  Tpax'ia.  "Bangun  per  vi^ilu  in  omao  corpaa  ttilTuudUui  t^  apJritaA  per 
ftiLerifl*"— Ciiiuru,  ZJc  Nutvrfi  Dt-rrum,  2,  55,  138, 
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auarch  after  the  connection  between  the  ''  breath  of  liie  '*  und 
the  Houl  led  him  to  thin  important  diflw^very  and  1^  the  stake, 
Kot  oiily  did  Servetus  cleady  Jescrihe  the  padsagi?  of  the  blood 
from  the  right  ventricle  through  the  pulmonary  artery,  the  lungs, 
and  the  pulmonary  veins  into  the  left  aide  of  the  heart,  but  he 
pointi^d  out  that  the  bright  colour  was  given  to  the  blood  by  the 
lungs,  and  not,  as  Galen  had  taught,  by  the  heart.  Although 
the  complete  L'.ireulrttion  of  the  bhujd  was  discovered  by  Harvey 
before  the  year  IG2S,  the  real  meaning  of  the  pulmonary  circula- 
tion escaped  him ;  he  thought  that  the  function  of  the  lungs  was 
to  cool  the  blood.  The  fundamental  knowledge  of  the  circula- 
tion was  completed  when  Malpighi,  about  the  year  IBfil,  dlscovereil 
the  alveoli  of  the  lungs  and  saw  the  blood  flowing  through  the 
capillariciH  of  a  frog's  lung. 

Further  advance  in  the  study  of  reapiration  required  the  know- 
ledge of  physics  and  chemistry,  Tlus  was  soon  forthcoming, 
Boyle  in  L566  showed  by  numerous  eKperimente  with  the  air-pump 
that  a  supply  of  air  was  essential  to  boi;h  aninial  and  vegetable 
life,  and  he  exjiresaed  the  opinion  that  "the  depuration  of  the 
blood  was  one  cf  the  ordinary  and  principal  u&es  of  respiraliou/* 
A  year  or  two  corher  Fracasaati  had  noticed  that  the  lower  layer 
of  a  clot  of  blood  was  much  darltor  in  colour  than  the  upper  layer, 
but  lost  its  venous  colour  and  became  florid  red  when  it  was  exposwl 
to  the  air,  A  gimilar  aeration  of  the  blood  was  eiTectRd  by  the 
respiratory  movements,  the  object  of  which  was  not,  as  some 
physicians  taught,  to  maintain  the  circulation  of  the  blood,  but 
to  ventilate  the  lungs  with  air.  This  important  fact  w^as  demoD- 
Btrated  by  Hook  to  the  Follows  of  the  Royal  Society  at  one  of 
their  meetinga  in  1(167.  The  trachei  of  a  dog  was  connected  with 
a  pair  of  bellows,  and  the  ribs  and  diaphragm  were  removed; 
the  dog  was  seized  with  convulsiona  and  appeared  to  be  dying, 
but  revived  when  air  was  blown  into  ita  lungs,  Small  punctures 
were  now  made  into  various  parta  of  the  lungs,  and  by  means  of 
two  pairs  of  bellows  the  Innga  were  ki?pt  fullj^  distended  with  fresh 
air  ;  the  dog  remained  quiet  and  ita  heart  beat  regularly.  The 
circulation  continued  although  there  was  no  alternate  expauBion 
and  collapse  of  the  hmga  ;  moreover,  a  further  experiment  showed 
that  even  when  the  lunga  were  allowed  to  collapse  the  blood  con- 
tinued to  circulate  for  some  time. 

The  real  function  of  respiration  was  first  set  forth  by  Mayow  [') 
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wliose  admiralile  wcrk,  publiahed  io  the  years  16C8  and  1674, 
has  been  neglected,  eapecitilly  in  his  own  country,  and  hfts  only 
recently  received  the  recognition  which  it  doservos.  He  it  was 
who  showed  that  air  was  a  mixture,  and  that  one  of  ita  conatituents, 
whirh  he  called  the  nitro-aerial  ^,  was  necessary  for  the  existence 
of  all  formfl  ol  hfe  :  this  gas.  whinh  is  now  Vriown  Ji3  oxygen,  was 
neceaaary  for  the  support  of  a  flame  ;  it  combined  with  aubstances 
aucL  as  siilphurtc  form  acids,  and  w^ith  metaU  during  calcination- 
Reflpiration  and  combustion  were  analogoua,  and  the  function 
of  respinLtion  was  the  absorption  of  the  mtro-aerial  gas  and  the 
removal  of  the  vapours  arising  from  the  blcod-  The  reapiraHon 
of  the  fa?tua  was  recognised ;  the  placenta  aerved  as  a  lung  from 
which  tho  bicod  in  the  umbilical  vcsacia  took  up  the  mtro-aerial 
gas  and  conveyed  it  to  the  fcetus.  The  embryo  chick  absorbed 
the  nitro-aerial  gas  through  the  porous  ahell  of  the  e^.  Evi- 
dence for  the  absorption  of  the  gas  by  the  blood  was  found 
in  the  fact  that  blooil  exposed  to  a  vacuum  gave  off  miimte 
bubbles  of  gas,  which  Mayow  thought  were  composed  o!  the  nltro- 
aerial  gas. 

Ma3"ow*B  views  were  too  advanced  for  the  knowledjie  of  his 
time,  they  were  noc  accepted,  and  after  the  early  death  of  their 
author  at  the  age  of  thirty-five  were  soon  forgotten. 

The  next  advance  was  the  recognition  of  the  waste  products 
which  are  given  off  from  the  lungs  during  respiration.  Stephen 
Hales,  about  the  year  1726,  showed  that  *' noxious  vapoura"  wore 
produced  by  repeatedly  breathing  air  in  a  blaclder,  and  that  these 
vapours  were  removed  by  potash,  and  thus  the  air  could  1>e  breathed 
again.  Ho  even  suggested  the  use  of  a  bladder  of  air  and  snob 
an  absorbent  as  potash  for  uae  in  the  foul  air  of  coal-mines,  and 
thus  anticipated  the  modem  employment  of  oxygen  and  soda- 
lime,  whereby  the  members  of  a  rescue-party  are  enabled  to 
penetrate  a  mine  after  an  ejcploaion.'  His  knowledge  of  respira- 
tion waa,  however,  very  defective,  for,  although  he  had  demon- 
strated that  animals  in  a  closed  vessel  absorbed  air  and  a  similar 
change  was  affected  by  a  burning  candle,  he  rcjecttti  the  views 
of  Mayow,  and  maintained  that  the  function  of  respiration  waa 
to  cool  the  blood  and  remove  aqueous  and  noxioua  vapoure. 


'  It  IS  oiAy  UKi^c&^ry  tu  rei:ail  iLc:  fa.ci  Lkmi<  llie  puihiaouA  nAiura  of  the  air 
after  an  eiplwiuit  is  dui:  tii  lack  q£  tjujebc  anil  La  tbe  prci<ience  of  carbon  mon- 
oxide,  not  Uj  oxo«a«  vt  otrbon  dioiide. 
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The  aKpprimenta  of  Stephen  Holes  led  to  tho  diflcoverj'  by 
Black  about  the  year  1757  that  a  quantity  of  "  fixed  air  '*  was 
given  off  frnm  the  loingH  cluring  reapirntion^  and  the  preHence  of 
this  gaa  conatituted  the  chitf  difference  between  expirej  and 
inspired  air- 

A  Htili  sTL'atPr  (uivanco  waa  made  in  1772,  when  Priestley  pub- 
liflhed  hia  "  Observations  on  Different  Kinda  of  Air,'*  By  experi- 
ments  he  proved  that  "fixed  air,"  whit^h  h  now  known  as  carbon 
dioxide,  is  produced  during  putrefaction,  and  by  plaitta  duriug  the 
night-time ;  green  plants  growing  iii  the  sunlight  restore  tbc  pro- 
perty of  supporting  animai  life  to  air  which  has  been  vitiated  by 
the  respiration  of  animals  or  by  the  burning  of  a  caudh  ;  oxygen 
and  nitrogen  are  constituents  of  the  atmosphere,  and  venous  blood 
becomes  arterial  by  ex^>osure  to  usygen^  a  change  whit^h  oco.iira 
even  wlien  the  blooil  ia  separated  from  the  gas  by  a  moist  membrane 
or  by  the  thin  walls  of  the  blood-veaaels  of  the  Jungs.  Such  were 
PrieatJoy's  contributions  to  the  knowledge  of  respiration;  Ha  ex- 
periments were  sound,  but  bis  views  on  respiration  were  erroneous, 
vitiated  as  they  were  by  hrs  belief  in  the  old  theory  of  "  phlogiston  ** 
introdijcetl  by  StJihl  in  1097.  Phlogiston  was  the  nrnterial  and 
principle  of  fire,  not  fire  itself,  and  respiration,  according  to  Priest- 
ley, waa  a  plJogiatic  process,  whereby  the  phlogiston  absorbed 
by  animals  with  their  food  waa  discbari^ed.  Venous  blood  waa 
phlogisticaCed^  arterial  blood  dephlogi^ticaled  ;  a  clot  of  blood 
placed  in  '^  fised  '*  or  phlogisticated  air  hecam**  very  darW,  tut 
regained  its  red  eolour  when  it  was  tranaferrud  to  oxygen  or 
dcplilogisticBted  air.  This  old  theory  was  overthrown  a  few 
years  later  by  Lavoisier,  who  extended  and  espkiccd  correctlv 
the  discoveries  of  Mayow,  Black,  and  Priestley ;  he  showed  that 
there  wore  differennes  in  the  so-called  phlogistic  processes.  The 
calcination  of  metals  he  proved,  as  Mayow  had  observed  a  hundred 
years  before,  to  be  a  combination  with  oxygen,  whereby  the  loetala 
gained  in  weight ;  respiration,  on  the  other  hand,  was  not  only 
an.  absorption  of  osygen,  but  a  production  and  discharge  of  carbon 
dioxide  produced  by  the  union  of  the  oxygen  with  carbon.  Further, 
in  A  joint  nisearch  with  Laplace,  published  iu  tbe  year  1780.  be 
showed  that  the  heat  of  an  ammars  body  might  be  accounted 
for  by  this  process  of  combustion,  Thia  view  he  modified  a  few 
years  later  by  including  in  the  process  of  combnation  the  o&ida- 
>n  of  hydiogeUf  for  quantitative  experiments  showed  that  not 
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all  the  oxygen  absorbed  b^  aa  anitnal  reappeared  combined  mik 
cfiThon  ss  carbon  dioxide.  Lavoisier  maintained,  in  the  joint 
Tnemoir  which  he  and  Sequin  published  in  f-he  year  1790,  tliat 
the  seat  of  this  combustion  was  in  the  limga,  but  in  earlier  vrorka 
he  haJ  admitted  that  it  might  be  in  other  parts  of  the  body>  The 
view  of  Lavoiaier  and  Sequin  was  contested  by  Lagrange^  who 
argued  that  if  all  the  heat  of  the  body  were  produced  in  the  lungs, 
the  temperature  of  that  organ  would  be  raised  to  such  a  degree 
aa  to  destroy  its  vitality-  For  many  yeata  this  objection  was 
held  to  be  fatal  to  Lavoisier's  theory,  until  Berthelot  by  a  careful 
calculation  showed  that,  granting  all  the  heat  to  bo  produced 
in  the  lungs,  the  temperature  of  that  organ  would  be  raised  only 
a  minute  fraction  of  a  degree,  owing  to  the  great  volnme  of  air  and 
blood  contained  therelu)  and  the  rapidity  of  the  circulation, 
whereby  the  heat  would  be  d;3tribut«i  all  over  the  body.  It 
is  indeed  in  the  tisanes  that  respiiatton  oocuis.  This  has  been 
proved  by  the  reaearchea  of  Spallanzam,  W.  F.  Edwards,  Paul 
Bert,  Pflilger  and  hia  pupils,  and  will  be  considered  ui  detail  in 
later  portions  of  these  lectures.  Although  the  brilliant  and 
laborious  work  of  these  observers  baa  shown  that  the  real  seat 
of  respiration  is  in  the  tiasues,  we  are  still  far  from  poaaeaaing  a 
eatisfactory  knowledge  of  respiratory  exchange.  The  evidence 
upon  some  essential  points  is  so  conflicting  that  it  is  difficult, 
or  even  impossible,  at  present  to  draw  definite  concluaiona. 
We  know  that  respiration  la  not  a  simple  combination  of  oxygen 
with  carbon  or  hydrogen,  but  we  cannot,  with  our  present 
knowledge,  follow  the  aequence  of  events,  tho  beginning  of  which 
is  the  absorption  of  orygen,  the  end  the  diacharge  of  carbon 
dioxide. 

Definition  of  Respiration. — Respiration  may  be  defined  as  the 
exchange  of  gases  between  the  tissues  and  the  surrounding  media  ; 
oxygen  is  absorbed  by  the  tiasues  and  carbon  dioxide  is  dia- 
charged.  A  brief  consideration  of  comparative  phyaiolt^y  shows 
that  this  definition  embraces  the  process  of  respiration  in  all  forms 
of  lif&.  The  organism  composed  of  a  single  cell  is  the  eeat  of  such 
a  gaseous  interchange,  and  the  more  complex  ammal  built  up  of 
numerous  cells  breathes  in  a  similar  manner,  although  there  may 
be  a  system  of  trachea,  or  air-lubes,  oa  in  insectfl,  or  iixternal 
media,  the  blood  and  lymph,  as  in  vertebrates,  to  fscilitate  the 
exchange  between  the  component  cells  and  the  external  medium. 
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The  ventilation  ot  th&  lungs  is  merely  an  accessory  part  of  respira- 
tion, and  its  mechaniam  will  not  be  conaidpred  bere. 

ThG  ncceaaity  of  oxygen  for  tbe  vital  ftcti\-ity  oi  umcclldar 
orgnnismfl  can  be  doraonetrated  by  simple  experiments^  If  on 
amceha  or  a  rhizopod  be  observed  in  a  moiat  chamber  placed  under 
the  objective  of  a  microscope,  the  movementa  of  ita  psk?udopodia 
will  afFor[l  Inflication  of  its  activity  :  the  paasage  of  a  stream  of 
aome  inert  ga^.  auch  as  hydrogen  or  nitrogen,  will  diaplace  the 
oxygen  from  the  chamber  and  liquid  in  which  the  organiam  io 
contined,  and  the  movements  will  become  leas  and  less  uctU  they 
cease.  A  renewal  of  the  supply  of  oxygen  will  restore  the  power 
of  movement. 

Plants  breathe ;  they  absorb  oxygen  and  discharge  carbon 
dioxide,  and  show  no  special  method  of  respiration  which  will 
enable  th?  physiologist  to  draw  a  hard-and-fast  line  between 
respiration  in  animal  and  vegetable  fomm  of  life.  The  phenomena 
of  assimilation^  the  absorption  and  breaking  up  nf  the  earbon 
dioxide  of  the  atmosphere  by  the  action  of  chlorophyll  in  the 
presence  of  sunhght,  the  building  up  of  carbon  compounds  and 
the  discharge  of  oxvgen.  ate  not  proceaaes  of  rpapiration.  In 
tho  daytime  thi^  assimilation  may  mask  the  n^spiratory  exchange, 
but  at  night  it  is  easy  to  show  that  planta  absorb  oxygen  and 
discharge  carbon  dioxide.  Tbe  diflkulty  is  alisent  at  all  times 
in  fungi  which  contain  no  chlorophyll,  and  in  the  plaamodium 
of  some  of  the  niyxomycetes  masses  of  uniccUuiar  ptotoplaarn 
can  be  obtained  largo  enough  for  a  diicct  determination  of  tbe 
respiratory  exchange. 

In  the  lower  forms  of  life  the  exchange  of  gases  may  be  a  aimple 
process  of  dilTasion,  but  there  is  no  definite  knowledge  upon  the 
questLon,  and  it  is  possible  that  a  ferment,  an  oxydase,  is  concerned 
in  the  exchange.  The  problem  of  their  respiration  would  indeed 
appear  to  be  the  same  as  that  of  the  internal  respiration  of  tbe 
higher  animals,  all  of  which  pass  through  an  nnieellular  stage  during 
tnheir  development.  Increased  compleiity  is  introduced  by  the 
growth  and  multiplication  of  the  cells ;  the  outermost  cells  have 
a  more  direct  means  of  gaseous  exchange  with  the  Burroundii^ 
medium  than  the  middle  layer  of  cells ;  compensation  is»  therefore* 
necessary,  and  may  tak^*  the  form  of  a  system  of  ehannela,  which 
communicate  with  the  exterior  and  ramify  through  the  different 
tisanes ;    siicb  a  system  is  found  in  the  tracheae,  or  air-tubes,  of 
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iiLsocte.  On  tb.e  other  haad,  compensation  may  be  effacted  by 
ft  special  differentiation  of  one  part  of  the  body  for  llie  absorption 
of  oxygon  and  the  diac^harge  of  carbon  dioxide ;  gills  and  lungs 
are  sui:h  absorbing  and  discharging  aurfacea.  antJ  are  ahb  to  aupply 
by  means  of  the  blood  and  lymph  the  respiratory  needs  of  the 
whole  body. 

After  this  brief  consideration  of  the  comparative  physiology 
of  respiration,  the  process  of  gaseous  interrhange  must  be  dis- 
cussed, and  eapeeially  in  relation  to  the  higher  animals,  thi^ 
vertebrates.  In  these  animals  respiration  c&n  be  divided  into 
(i)  e^ttenKtl  respirtitlon.  the  exchange  of  gases  between  the  ex- 
ternal medium  and  the  blood;  and  (h)  %nten\ol  respirati&n,  the 
exchange  between  the  internal  media,  the  blood  and  the  lymph, 
and  the  tissne^. 

EjUernal  ItejijnrtUitm. — The  eichfttige  of  gases  between  the 
external  medium,  the  &lr,  and  the  intemal  mcdjum,  the  blood, 
can  be  studied  in  two  ways.  Analyses  of  the  air  pasa.iig  in  and 
out  of  the  lungs  furnish  data  which  show  that  ojcygen  ia  absorbed 
and  carbon  dioxide  and  water  are  discharged  by  the  lungs.  On 
the  other  hatid.  comparative  aralyses  of  the  gaseous  contents  of 
the  venous  blood  passing  to^  and  the  arterial  blood  leaving,  the 
lungs  also  prove  that  oxygen  is  absorbed  and  carbon  dioxide  dis- 
charged by  the  blood  during  its  passage  through  the  lungs,  it 
must  be  remembered  that  these  methods  of  observation  do  not 
show  how  ihese  changes  are  produffld..  It  is  neccBsary  to  know 
by  what  means  the  oxygen  is  absorbed  and  the  carbon  dioxide 
discharged,  la  it  simply  by  diffusion  that  the  one  gas  passes  in 
and  the  other  passes  out  I  Is  it  a  more  complex  proc^^ss,  a  secre- 
tion by  the  living  cells  of  the  lung  of  oxygen  into  the  blood,  and 
an  excretion  of  earbon  dioxide  from  the  blood  ?  These  questions 
are  in  urgent  need  of  solution,  for  the  gaseous  inten^hatiges  are 
not  such  simple  physJco- chemical  processes  as  some  obj^rvers 
have  considered  them  to  be;  the  difficulties,  indeed,  are  no  great 
that  some  physiolopute,  especially  Bohr  and  Haldane,  have  con- 
sidered them  to  be  beyond  explanation  by  our  present  know- 
ledge of  pbysira  and  cbemiscry. 

Tlie  gaseous  interchange  must  uow  be  discussed  in  detail. 
and  in  the  Urat  place  must  be  considered  the  composition  of  the 
external  modium,  the  air  or  water,  as  the  case  may  be. 

Composition   of    ihe    -J?nwsj>ftere, — The    composition    of    pure 
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air,    meftsured   ab   ataadard   temper^Lture    and   pressurei    0°   ajid 
760  mm,,  is :— 


Oxygon     ...,.,,. 
Cjirbnu  rlioxtilfl  .  .  .  . 

Argon  .         -         .         ,         - 

HetiuiD,  Krjptou,  Neon,  Xtnon,  and  llrdiDgou 


Voluaiis 
l^r  dual. 

78-09 


In  additioHi  air  contains  8<jueDUH  vapour,'  wliicli  varies  greatly 
in  amount  ia  different  placee  and  at  difierent  timea.  The  tem- 
perature of  tKe  air  io  important  not  onJy  as  regards  ita  direct  e^ect 
upon  tbe  reapiratDry  exchange  oE  animak,  but  also  as  oqq  of  the 
most  importaut  factors  which  dPtpnoine  the  amount  of  mciatuie 
in  the  air.  The  nitrogen  and  argon  aj^pear  to  be  inert  aa  far  aa 
the  higher  anitnala  are  concerned,  but  it  must  be  remembered  that 
aome  bacteria  are  dble  to  lis  nitrogen,  and  tbna  enrich  soil ;  cultures 
of  fluch  bacteria  have  even  been  iiwd  upon  a  large  bcoIo  to  render 
soil  more  fertile.  IE  a  fully  grown  pea  plaint  be  uprooted^  tuberclca 
wilJ  be  found  upon  ita  roots  ;  these  in  microacopic  sentiona  are  seen 
to  be  composed  of  vegetable  tissue  with  very  large  r^lls  and  to  con- 
tain large  numbers  of  bacteria*  Bacterium  radicicola.  These  bacteria 
atand  in  s^'mbiotio  relationship  to  the  plant,  and  enable  it  to  obt^ 
oitrogenoua  compounds  at  the  cost  of  the  atmospheric  nitrogen. 

The  proportion  of  carbon  dioxide  in  pure  country  air  appears 
to  be  3  voInmGH  per  10,000,  but  it  is  hable  to  a  variation  in  suininer 
owing  to  the  iiiilueuce  of  vegetation  ;  it  may  riae  by  night  to  S'5 
volumes  and  fall  by  day  to  26,  for,  aa  is  well  known,  vegetation 
under  the  iufluenoe  of  sunlight  decomposes  carbon  dioxide.  These 
facts  are  well  shown  in  the  following  table,  which  gives  the  average 
results  of  exaet  determinations  of  the  carbon  dioxide  in  air,  made  by 
J.  8.  Haldane  and  E,  S.  Haldare  in  the  Octil  Hills,  Perthshire. 


TllueolYral-. 

Una  of 

as 
5 

CO,  per  iP^a 

Avonff^ 

HAJLlmuDj.  ,  Hlulunia, 

April  1-SeptuDiUr  30  j 

Decemlwr-JftEuary    .  J 

r 

Dav 
Night 

Day 
Ni^iht 

a-n 

3-5  B 
313 

3oe 

2-fi8 
2-93 

3^  j2-oe 

1  See  p.  ZM. 
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The  partial  proflBure,  or,  &s  it  is  often  called,  the  teo^on.  of 

tlie  component  gases  is  : — 

21 
Oxygen  approiimntcly  -.  ...  x  760-»  150"6  mm,  of  meicurj  or 

31  per  cent,  of  on  atmo'spbere. 
Nitrc^en  fl.ppiv>iimnt«ly  y^j:  x  760  =  G00"4  mm,  of  mercury  or 

79  p^r  ceriln,  i>f  an  iLtino^pliere. 
Cnrbuu  dioxide  npproximately  .  ^^  *  760  =  0"228  mm.  uf 

mercury  or  0"03  per  cent,  oF  an  utmoapbeie. 

Such  is  the  compoaition  of  pure  country  air.  Many  raeo, 
however,  are  obliged  to  breathe  air  which  is  \"itiated  by  the  pro 
ducta  of  their  own  respiration,  the  cnmbut^tioiL  of  ga^  or  coal,  duat 
produced  during  work,  or  chemical  changes  occurring  in  the  aoil* 
A  knowledge,  therefore,  of  the  eompoaition  of  the  air  of  dwelling- 
rooma,  workahopa,  achools,  mines,  and  crowded  cities  is  of  the 
greatest  practical  importance. 

Aif  of  DwtfUiru/s,  dbc. — The  impurities  present  in  a  workroom 
uifle  from  the  workera,  lights  or  ^reSn  the  Qoot  and  furniture  of 
the  room,  the  raw  material  and  acoidental  sourcce,  such  a^  eseapea 
of  gas.  The  carbon  dioxide  ia  in  practice  the  beat  indicator  of 
the  sufficiency  of  ventilation  ;  but  it  will  be  shown  later  that  it 
ia  only  one  of  the  Impurities  present  in  overcrowded  rooms.  The 
proportion  of  carbon  dioiide  will  vary  acroording  to  the  sources 
of  contamination  and  the  ventilation  of  the  room;  it  may  be 
daring  the  daytime  as  low  oa  3^2  volumes^  or  aa  high  aa  33'() 
volumes  per  10,000  volumes  of  air,  and  at  night-time  it  may  rise 
aa  higb  aa  47  volumes,  if  many  gas-hghts  be  burning.  Haldane 
and  Osboni  (^)  have  investigated  the  ventilation  of  a  Eai^e  number 
of  workflhojjs  and  factonea,  and  recommend  that  the  standanl  of 
venlil&tion  ahoold  be  such  ttiat  the  proportion  of  carbon  dioxide 
docs  not  exceed  12  volumes  per  10^000  of  air  during  dayligbt,  and 
20  voluiUQa  after  dark,  when  gaa  or  oi(  ia  used  for  hghting.  During 
a  dense  and  prolonged  fog  this  proportion  may  be  exceeded  even 
in  the  open  air  of  a  large  city,  for  Russell  found  as  much  aa  10  to 
14  volumes  of  carbon  dioxide  per  10,000  volumea  of  air  in  aaraplea 
oollcctei  in  London  during  very  foggy  weather. 

Expired  Air. — In  the  healthy  man  or  animal  the  air  ia  inspired 
through  the  noie,  and  only  during  severe  eiereise  is  prolonged 
buccal    breathing   to   be   eontiidered    normal;     huocal   respiration 
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tJiea  ofEera  leas  resiatance  to  rapid  breatliiiig  and  also  h&a  the 
advaiitag;e  of  cooling  the  animal,  for  during  muBcukr  work  the 
internal  tcmpcroture  of  the  body  ib  raised-  la  the  dog  the  open 
mouth,  lolliQg  tongue,  and  rapid,  panting  bpeatha  are  dharac. 
terirttic  during  and  direotl/  aft^r  active  exercise  ;  Ric^het  has 
ahown  that  if  thia  polypiin-a  be  prevented  by  a  muiule.  the  dog 
fluflera  severely  from  the  high  temperature  which  would  be  pro- 
duced by  sevoTG  exercise  or  ejtpoanro  to  the  sun. 

The  advantages  of  nasal  reapiratJon  are  to  be  found  cbiefly 
in  the  warming  of  the  inspired  air,  the  supply  of  moisture,  and 
the  removal  of  foreign  particlea,  auch  aa  batteria  and  duatn  The 
inspired  air  passes  clueHy  thiough  the  middle  passage  of  the  nose, 
in  a  less  degree  through  the  upper,  and  least  through  the  lower 
paaaage.  The  direction  of  the  stream  of  inspired  air  is  such  that 
partieloa  of  duat  will  be  retained  by  the  moist  and  highly  vascular 
mucous  surfacps  of  the  turbinate  bonea,  which  not  only  act  aa 
a  Aleve  but  also  aa  a  radiator  of  moisL  lir^t.  The  elTectiveaess  of 
naaal  respiration  in  these  respects  le  shown  by  the  following  observa- 
tions. Block  found  that,  when  the  external  air  was  —8°,  —  O.^"* 
to  3-5^  12"  to  16"'  and  18%  the  air  was  warmed  to  24-5°.  26%  30% 
and  31°  respectively  by  the  time  it  reached  the  pharynx.  The 
air  is  alao  saturated  with  water  to  one-third  of  ita  (capacity  at 
thoae  temperatures  during  its  passage  through  the  noaen  The 
retention  by  the  nasal  mucous  membrane  of  particles  o£  soot  is 
known  to  every  one  who  has  paaaed  a  day  in  one  of  the  thick  fogs 
for  which  London  is  so  justly  celebrated.  Particles  are  not 
breathed  out,  at  leaat  in  the  last  pordona  of  the  expired  air^  aa 
Tymlall  showed,  and  bacteria,  acconbng  tro  JumleU.  are  generally 
abaent'  The  bacteria  in  inspired  and  expired  air  have  been 
counted  by  Straus ;  he  found  in  one  experiment  that  the  expired 
air  only  contained  forty  bacteria,  whereas  the  inspired  air  held 
over  twenty  thouf*ancl-  Haldaiie  observed  that  the  air  of  a  room 
contained  f^wer  bacteria  after  than  before  occupation,  for  the 
bacteria  were  filtered  ofi  by  the  breathing  of  the  occupants,  Even 
in  the  caae  of  phthisical  patients  the  tubercle  bacilli  arc  retained 
by  the  muouB  ;  the  expectoration,  not  the  expired  air,  is  the  meana 
whereby  the  disease  is  disserainated,  and  simple  observation  showa 
that  parliclea  of  sahva  are  often  projected  from  the  mouth  during 
speaking.  There  is  no  doubt,  there.fore,  that  even  the  raoat  perfect 
ventilation  of  schools  will  not  prevent  the  spread  of  infectioua 
diseasts,  and  that  compulsory  odueation,  which  enforces  the  early 
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asBociation  oE  infants  and  yoiuig  c^hildren  m  Jarge  numbcTB,  has 
bad  in  maiiy^  reApi;tit.A  untoward  r&sulta,  has  often  increaAed  tbe 
infectious  diaeasea  to  which  chUdren  are  hable,  has  dimiuiahed 
the  reaponsibility  of  tnotbera  for  the  care  and  training  of  their 
children,  and  has  imposed  prematurely  upon  young  children  an 
artificial  and  unhealthy  routine  of  life. 

The  mucuB  neureted  by  the  noae  appears  to  posBcaa  propprtiea 
aatagoaifltic  to  the  growth  of  bucteria,  and  thus  acts  both  aa  a 
chemical  and  mechanical  ilefence.  There  are  limits  to  the  effec- 
tiveneaa  of  thia  nascl  aicvo,  for  the  dwellers  m  cities  and  the  workers 
in  coal-mines  have  numerous  particles  of  carbon  in  their  lungs. 
It  is  true  that  in  these  caaas  the  objection  may  be  raised  that  the 
|iarticlea  are  inhaled  through  the  mouth;  it  lias  been  shown,  (*) 
however,  that  in  rabbitfl,  which  breathe  only  through  the  noae, 
the  raucous  suifaces  of  the  turbinate  bones  act  at  first  as  an 
eSectivo  filter  during  the  inhalation  of  a^  heavily  laden  with 
particlea  of  dust.  If  the  eKperiment  be  continued  the  mucous 
membrane  becomefi  covered  a^id  can  retain  no  more  dust ;  there 
is  a  second  line  of  defence  in  the  pharynK  and  larynx,  but  even 
that  is  overcome  if  the  exposure  to  the  dense  dust  be  prolonged. 
A  similar  condition  obtaioa  in  the  case  of  miners.  Kaldane, 
Martin,  and  Thomas  (')  have  showTi  that  the  alarming  prevalence  of 
go-c*Ued  miners'  phthisis  among  the  Cornish  miners  ia  to  be  attri- 
buted to  the  pennaneiit  injujy  of  the  lunga  produced  by  the  stone- 
duat  which  ia  inhaled  in  large  quantities  by  the  miners,  eHpecially 
thoae  who  work  with  rock  drills.  The  impairment  of  the  respiratory 
functions  reacts  upon  the  general  health  and  prediapoaca  to  tuber- 
culoaifl  of  the  lungs ;  thus  the  death-rate  from  diseases  of  the  lungs 
among  the  tin  minera  of  Cornwall  ja  about  four  times  as  high  as 
that  for  all  occupied  males  in  England  aiul  Wales. 

The  expired  air  variea  in  composition  acc:ording  to  the  rate 
and  depth  of  respiration;  tbia  is  shown  by  the  following  aoalyecs 
made  by  Speck. 


Tjp«  of  flreiitbtiuj'. 

ValBHMfpI 
SE&lrol  Air 
par  lUnvlQ, 

Ail  Oi,jii,aa- 

nf  rii.rlH>n 
IMu&Lda. 

Normal     . 
Ytity  flliHllaw     . 
Very  dmsp 

7,sar 

17,647 

1RS9 
18-89 

4-91 

4-63 
3'IT 
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The  r&te  and  JeptK  of  respiration  does  not,  as  PflugBr  abowed, 
determine  the  rapidity  of  combustion  in  the  body :  the  tissues  set 
the  pace,  and  apart  from  the  increased  muacidar  aotivity  of  the 
respiratory  muscles,  rapid  breathing  does  not  bring  about  a  greater 
total  exchange  of  gases  than  hIow  hrpathing,  Thia  ia  demon- 
Btrated  in  an  intereeting  way  by  Pfiiiger,  who  combined  the  ap- 
parently discordant  results  obtained  by  Losaen  and  Berg,  and 
ahowed  that  the  mcAn  values  were  practically  the  same. 

(ktrUm  Dioxide  Discharged  in  Fi/icen  Minuteu. 


Oi^anr. 

riVD  Bflfplnitloiiri 
per  UinntD. 

I4ltt>-  Kitfpmilaiiii 
per  KlDnti, 

Tinmrn 

Berg.        .        . 

7-96 

7-7  H 

H-lfrti 

IQ-ffTK 

IS-TSI 

M«ui     . 

7-886 

7-688 

The  rate  and  depth  of  breathing  vary  greatly  in  different 
individuala,  in  some  rcapiration  Sb  deep  and  slow,  in  othera  ahaliow 
and  frei^uent.  As  an  average  figure  for  an  adult  man  may  be  given 
500  c.c.  for  each  respiration,  when  the  frequency  is  16  per  minute  ■ 
these  data,  however^  are  not  of  mnrli  value,  for  the  range  of  variation 
in  healthy  men  is  very  great,  Haldane  and  Priestley  have  recently 
shown  that  when  the  respirationa  are  increased  in  frequency  they  de- 
ercaae  in  depth,  and  I'^Vr  i^ftsd  ;  so  that  for  the  ^me  individual  the 
percentage  of  carbon  dioxide  in  the  alveolar  air  remaina  unaffected 
by  alterations  in  the  frequency  of  breathing,  provided  that  the  respi- 
rations are  not  forced.     The  foUowiog  table  shows  these  resulU. 


Hr-<plmf.loiiB 


ParnintiiifavfCkrbvB  DLoxIde  |ii  AlFi»lar  Air. 


At  Eb<1  oI 
Iiuplntlflii. 

At  End  ot 
EnilnUaii. 

Hhu, 

5-67 
5-70 


G-73 

r--4o 
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The  expired  air  is  sfitiirated  with  moisture  at  a  temperature 
between  35^  and  37°,  to  whi<;h  it  has  bppn  raiaed  during  inapiration, 
and  in  thin  way  s  considerable  i|ii&ntity  of  water  and  heat  are 
extracted  from  the  body.  It  has  been  calculated  that  an  adult 
man  may  thus  loac  in  twenty-four  hours  as  much  aa  I-jO  gnn, 
of  water  under  ordinary  conditiona  of  external  temperature  and 
moisture. 

There  is  a  decrease  of  about  1  50  in  the  volume  of  the  expired 
air  as  compared  with  the  iuapirwl  air,  when  both  are  raeaaureJ 
at  0^  and  7G0  mm. ;  the  deficit  b  due  to  the  absorption  of  a  small 
quantity  of  oxygen,  which  doea  not  reappear  in  combination  with 
carbon  as  carbon  dioxide,  but  passes  out  of  the  body  in  other 
products  of  oxidatioD,  The  increased  proportion  of  nitrogen  in 
the  expired  air  must  be  talten  into  account  when  tlie  respiratory 
quotient  is  calculated  from  volumetric  analyses ;  thus  for  every 
100  0.0.  of  expired  air  the  slightly  larger  volume  of  inspired  air 
contained  the  following  volume  of  oxygen  : — 


^.  _  2093  K  Nitrcfjen  of  expired  air 

■  '      7yw  ' 


tThe  respiratory  quotient,  therefore,  in  a  case  in  which  the 
percentogca  o(  nitrogen,  oxygen,  and  carbon  dioxide  are  81,  16-44, 
and  4,  would  be  correctly  calculated  as  followa  :  — 


20&3k81 


=  21-44, 


Oxygen  of  inspired  air-      ^g.^,^ 
Oxygen  abBorbHd  =  21-44  -  lfl-44  =  MO  ct. 
Respiratory  i^uotient  ^y-^  =  - =08- 


There  is  no  evidence  of  an  active  abscrption  or  discharge  of 
nitrogen  by  the  lungs ;  the  older  rflsulte  which  supjiorted  Bueh 
a  procese  or  procesaes  appear  to  have  been  errors  of  experiment. 
It  is  possible  that  small  quantities  of  nitrogen  may  be  formed 
in  the  alimentary  canal  and  may  be  directly  discharged  by  the 
bowel  or  indirectly  by  the  lunga ;  the  quantity,  however,  would 
appear,  from  experiments  directed  to  this  point,  to  be  negligibly. 
Small  quantities  of  hydrogen  and  raarsb-gas  are  frequently  found 
in  expired  air ;  the  gases  ore  formed  during  fermentation  in  the 
alimentary  canal,  and  are  absorbed  by  the  blood  and  diecliarged. 
by  the  lungSn  In  the  caae  of  niminanta  a  considerable  q^uantity 
of  these  gadce  is  present  in  expired  aii. 
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It  is  nov  neceeaary  to  di^uss  whether  the  vitifttioii  which 
occura  in  the  air  of  overcrowded  rooms  is  due  tn  the  products  of 
nonnAl  respiration  or  to  other  subst&ncea  of  a  poisonous  and 
volatile  nature.  Upon  these  points  the  rcaulta  of  numcroua  tx- 
pprimonta  are  conilictiop ;  aome  ohaervera  have  niamtairGd  that 
the  expired  air  coataina  an  organic  impuritj'  which  can  be  collected 
in  the  <!ondenaed  breath  and  will  produce  death  when  it  i8  injected 
Into  rabhita,  Tliia  Haldaue  and  Lorrain  Smith  (")  were  unable  to 
coofiriD  ;  thej'  wore  led  bj  their  rcaearch  to  the  following  con- 
olnaiona ;  *'  The  immediate  dangers  from  breathing  air  highly 
vitiated  by  respiration  arise  entirely  from  the  Bxceas  f>f  carbonic 
acid  and  defieiency  of  axyg&n,  and  not  from  any  special  poifaon- 
The  hyperpnii'a  is  due  to  excess  of  carbonic  acid  and  is  not 
appreciably  affected  by  the  corresponding  deficiency  of  oxygen, 
The  liyporpniia  begins  to  appear  when  the  carbonic  acid  rises 
to  from  3  to  4  per  cent.  At  about  10  par  c^Qnt.  there  is  extreme 
diatresa.  Excess  of  earbomc  acid  ia  likewise  the  cause,  or  at  leaat 
one  cause,  of  the  frontal  headache  produced  by  highly  vitiated 
air.  Hypeirpna^a  frtun  defect  of  oxygen  begins  to  be  appreciable 
when  the  oxygen  in  the  air  brejithed  haa  fallen  to  a  point  which 
aecrafl  to  djflor  in  different  Lndividualsn  In  one  case  the  hyperpnu'a 
became  appreciable  at  about  12  per  cent,,  and  excessive  at  about 
6  per  c^nt."  These  observers,  however,  draw  attention  to  the 
fact  that  the  vitiation  of  the  air  iu  nvemowded  rooms  may  arise 
from  the  products  of  diaease,  want  of  cleanlmeaa  of  the  occupants, 
or  the  room  itaelf ;  in  fact,  *'  air,  which,  judged  by  the  carbonic 
acid  standard,  ie  svi&eiently  pure^  may  be  exceedingly  impure  when 
judged  by  the  number  of  micro-organisms  present  in  it,  and  i-iet 
irrail.  Tlic  carbonic  ai:id  and  micro-organiaina  have  diiTerent 
sources.  The  amount  of  the  former  depends  on  the  number  of 
peraons  in  the  room  as  compared  with  the  means  of  ventilation— 
that  cf  the  Utter  being  determined  chiefly  by  the  condition  of  the 
room  itself  as  regards  cleanliness.  The  test  of  smell,  or  of  feeling 
of  comfort  or  discomfort  in  breathing  the  air  of  a  room,  n\ay  give 
results  e(pia)ly  at  vanacce  with  the  carbonic  arid  test."  The 
fluaceptibibty  to  the  effects  of  the  air  of  overcrowded  rooms  variea 
greatly  in  different  individuals ;  aome  are  more  influenced  by  the 
odour,  others  by  the  increased  quantity  of  carbon  dioxide,  moistiirCj 
and  temperature.  It  ia  probable  that  too  httle  attention  has  been 
given  to  the  lost  two  conditions,  and  further  research  is  greatly 
needed  to  show  the  effects  o\  tWw  ^tuv&. 
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So  far  the  discusaiDTi  has  been  confined  cliiefij  to  tbe  quality 
of  the  expired  air.  The  quantity  of  the  expired  air,  if  it*  com- 
poeition  be  known,  gives  the  measurement  of  the  respiratory 
exchange  of  the  body ;  a  few  samples,  however,  taken  over  short 
periods,  are  not  mifficieut  for  exart  dettimiinatiorw,  for  the  depth 
and  frequency  of  respiration  are  easily  altfred,  eapeclally  when  a 
mask  ifl  placed  on  the  face.  It  is  unnecessary  to  describe  here 
the  methods  uaed  for  the  determination  of  the  total  respiratory 
exchange  in  man  and  atiimals,  but  some  account  must  be  gi^en 
of  thfi  various  factors  which  influence  it. 

Relation  bdwecn  Fimdiotial  Aclivitjf  and  RespinUorff  Eichatige. — 
The  investigation  of  the  relation  between  functional  activity  and 
oxidation  in  animals  is  beset  with  many  diaicultiea  and  sources 
of  error.  The  animal,  not  the  cell,  ia  the  physiological  unit. 
Surviving  organs  ca[inot  be  regarded  as  comparable  to  the  organs 
LTitact  within  the  living  Lody  of  a  warm-blooded  animal.  8uoh 
an  animal  on  exposure  to  coid  mcreaaes  its  activity  and  Its  pro- 
cesses of  ojddotion,  whereas  its  escised  organs  would  react  in 
exactly  the  oppoeito  manner.  It  is  probable  that  much  further 
knowledge  of  respiration  might  be  gained  by  more  extensive 
research  in  comparative  physiology.  Natural  conditions  vary 
in  different  animals,  one  living  proceas  may  be  more  marked  than 
another,  or  may  show  large  variations  in  its  range  during  differant 
BOftBons^  Thus,  hibernation  is  a  physiological  condition  in  which 
the  proceaeea  of  combustion  are  reduced  to  the  lowest  ebb  com- 
patible with  the  life  of  mammals  ;  in  such  a  condition  the  relaljon 
between  functional  activity  and  oxidation  can  be  conveniently 
studied.  lb  ia  well  known  that  physiological  activity  is  closely 
associated  with  oxidation,  hut  the  study  of  the  respiratory  quotient, 
the  ratio  of  the  intake  of  oxygen  to  the  output  of  carbon  dioxide, 
shows  the  possibility  of  oxidation  taking  place  in  the  body  without 
a  coincident  production  of  carbon  dioxide,  and  on  the  other  hand 
the  possibility  of  the  production  of  carbon  dioxide  without  a 
coincident  absorption  of  oxygen. 

Kcapiratory  quotients  as  low  aa  03  have  frequently  been 
observed  in  torpid  ammala(').  During  some  periods  of  its  deep 
winter  sleep  the  animal  may  actually  gain  in  ^^feight,  for,  altliough 
it  loses  water  anj  carbon  dioxide,  it  absorbs  a  greater  weight  of 
oxygen.  This  oxygen  does  not  reappear  immediately  combined 
with  carbon  aa  carbon  dioxide,  but  is  uscd^  it  would  aecm^  for  thx, 
partial  combustion  of  the  reserves  ol  tood  mft.Aifer«!\  %\.Q*t^  XT*,  x^^a. 
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body.  Voit  and  C'hauvoau  maintain  that  fat  may  iorm  auj^ar,  which 
in  turn  may  be  stored  up  as  p;lycogen  iu  the  liver  and  miiaeles.  Tliis 
proresfl  would  explain  the  low  reapiratory  quotient  exhibited  by 
hilffirnatinj!  nianinials,  for  it.  ia  well  known  ttiat  they  poas^^s^  a  large 
deposit  of  fat  wlJch  gradually  diaappears  during  tbe  period  ol 
torpidity;  moreover,  it  has  bcsn  sbown  by  varvoua  observers  that 
giycopen  accumulates  daring  hibematioa.  If  olein  be  taki-n  as  an 
example,  the  partial  oxidalion  may  be  represented  aa  follows : — 


CO,     18 


O. 


U 


=0-281. 
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During  tbe  germination  of  Fatty  b^^b,  sljcIi  aa  those  of  the 
radish,  the  respiratory  quotient  ia  low^  for  the  seeds  take  up  a 
relatively  large  amount  of  oxygen  ;  the  fat  ondei^oea  partial 
oxidation  and  gives  rise  to  carbohydrates. 

The  e^idencpj  therefore,  in  favour  of  oxidation  taking  plaee 
in  the  body  without  an  immediate  and  correspf>nding  production 
of  carbon  dioxide  is  satisfactory,  for  it  cannot  be  well  maintained 
that  tbe  carbon  dioxide  ia  formed  but  not  diwhargcd.  It  will 
be  ahowii  later  that  in  man  and  other  ammale  respiratory  quotients 
below  the  value  for  the  oombnetion  of  fat  have  been  cbserved 
by  ZuTitB,  Lehitianrt,  and  others  ;  such  quotients  may  persist  for 
hours  or  even  days,  if  the  conditiona  be  favourable. 

The  hibernatii^  mammals  likewiM  yield  evidence  of  the  pro- 
duction of  carbon  dioxide  without  a  corresponding  abflorption 
of  oxygen  {^).  During  the  autumn  the  marmot  feeds  eagerly  upon 
food  consisting  chiefly  of  carbobydratea,  and  rapidly  depoaits  fat 
in  its  body  aa  a  reserve  lor  conaumption  during  its  winter  aWp. 
The  respiratory  quotient  is  during  this  deposition  of  fat  constantly 
greater  than  unity,  and  may  be  even  as  high  aa  l''69.  Huch  high 
(juotients  cannot  be  explained  by  a  reduction  in  the  absorption 
of  oxygen,  for  compared  with  the  condition  during  fasting  there 
is  a  considerable  increase .  The  probable  explanation  is  that 
suggested  by  Hanriot :  dunng  the  formation  of  fat  from  carbo' 
hydrates  a  conaidcrable  quantity  of  carbon  dioxide  ia  split  off 
from  the  carbohydrate  molecule.  The  following  equation  is  given 
by  Hanriot  to  represent  the  change  : — 


13C,Hi,0,  -  V^n,,fi,  +  23CO,  4-  26H,0, 
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The  formula  for  the  [at  \s  a  li^'potlietiCR]  one  tc  repreaent  tlie 
me&n  composition  of  f»ta,  olcoBtearopalniitin,  bub  a  fiimilar  equa- 
tion can  be  giv<^n  for  olein  or  aUtanu.  According  to  tliis  equation 
100  grm,  of  glucose  would  during  its  transformation  into  fat 
j'ield  21-a  litres  of  carbon  dioride. 

In  the  marmot  tlic  depoaition  of  fat  ia  extremely  marked  in 
the  autumn  ;  during  the  winter  tliis  store  undergoes  combustion 
during  the  aniniftl'fl  vary  prolonged,  but  perfectly  natural,  fast. 
On  general  biological  grounds  it  is  improbable  that  the  processoa 
of  motaboljflin  in  this  animal  differ  fundamentally  from  those 
in  non -hibernating  mammals;  the  difference  is  probably  only 
quantitative  and  not  qualitative-  In  fact,  there  m  evidence  to 
show  tl»at  thia  view  ia  correct.  Reapiratory  quotients  greater 
than  unity  have  boon  found  by  various  observers  both  in  the  case 
of  men  and  animals  after  the  ingestion  of  a  meal  rich  in  carbo' 
hydrates. 

It  ia  probable  that  the  reapiratory  quotient  repreaenta  the 
resultant  of  various  proceesea  of  combustion,  in  eome  of  which 
osygen  is  absorbed  without  a  corresponding  output  of  carbon 
dioxide,  in  others  oatbon  dioxide  is  discharged  in  exceea  of  the 
oxygen  absorbed,  the  extra  qnantity  of  oxygen  contained  in  the 
carbon  dioxido  being  derived  fiom  the  intramolecular  oxygen 
of  the  food.  Fasting  and  feeding  accentuate  these  procesaes 
tcapeotively,  and  since  it  is  probable  that  the  liver  ia  most 
actively  engaged,  the  results  obtained  from  determinationa  of  the 
gases  of  the  blood  flowing  through  any  particular  organ  vany 
appear  to  be  out  of  harmony  with  the  character  of  the  total 
respiratory  exchange.  The  one  is  a  local  respiratory  exchange, 
the  other  the  resultant  of  the  respiration  of  all  the  tissues  of 
the  body. 

StiTss  liivi  bi^en  laid  upon  these  jwinta,  for  there  haa  been  a 
tendency  to  deny,  or  at  least  Ignore,  the  existence  of  respiratory 
quotients  above  unity;  it  is  also  nceeaaary  to  enforce  the  fact 
that  an  analvaia  of  one  of  two  aamples  of  the  air  expired  durijig 
a  short  period  may  give  an  inaccurate  idea  of  the  total  reapiratory 
exchange  of  an  animal  or  man. 

Total  RvspirtiloTfi  Ercfiatwje.^-Th'^  following  table  (see  p.  190) 
shows  the  value  of  the  total  respiratory  exchange  of  man  &nd 
various  animals  during  a  condition  of  rest, 


great  towns  of  England,  and  tliis  difference  ia  to  be  attributed 
in  great  measure  to  the  fact  that  the  ideal  of  maternity  among 
the  Boer  women  is  more  naturftl,  and  therefore  higher,  than  that 
among  many  of  the  degenerate  dwellers  in  large  cities, 

Hichet  made  an  in tef eating  Heriea  of  e?£jierimenta  upon  the 
output  ol  carbon  dioxide  o£  dogs  of  difTGrent  aizea,  and  found,  ai* 
the  following  table  will  show,  that  it  bore  a  very  constant  relation 
to  the  surface  of  the  body. 
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A  aenea  of  similar  obaervationa  made  upon  birds  did  not  show 
thia  constant  relation  between  aurface  and  maas ;  thia  ie  probably 
explMued  by  the  great  difficulty  of  maintaining  comparable  condi- 
tions as  regards  rauseular  aetivily. 

^  Injfuence  of  MiiscuJjit  Work  ti^n  the  Renpiralanj  Exchange. — 
The  niuaclea  are  the  most  important  aeat  of  respiratory  exchange, 
for  they  make  up  nearly  40  per  cent,  of  the  weight  of  the  body 
and  are  subject  to  great  activity  ;  even  during  a  condition  of 
.pparent  rest  they  are  in  a  condition  of  tone,  and  the  respiratory 
UBclea  and  the  heart  are  subject  to  frequent  contraction,  alter- 
ting  with  relaxatlnn,  throughout  life.  The  practical  importance 
of  the  great  effect  of  muscular  exercise  upon  the  proceaaes  of 
oxidation  in  the  body  oaunot  be  overeatUnateci  in  these  daya, 
«0  ovor-dvilisation  tends  to  weaken  tho  phyaiquo  and  moral 
■'  man.     There  is  no  other  condition,  whether  it  be  pbyaJo- 

thologicaL,  which  will  produce  such  a  great  inorease 
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The  above  <lata  for  the  r&apirfttory  exchange  have  been  ex- 
pressed in  relation  bo  one  kilogram  of  body-weigbt,  but  aa 
far  as  possible  the  weights  of  tbe  animab  have  also  l>ccn  given, 
Tba  phyeiological  unit,  it  cannot  be  too  often  insisted,  is  the 
animal,  and  there  is  some  danger  of  miaunderstanding  when  the 
results  are  always  expresBed  in  terms  of  one  kilogram  of  body- 
weight.  The  ratio  of  anrface  to  mass  \&  \n  th«  case  of  warm-blooded 
animab  a  far  more  important  factor,  for,  as  later  data  will  ahow, 
it  throws  light  upon  the  relatively  greater  respiratory  csohango 
cf  the  smal]  mammata  and  birds  aa  compared  with  the  bigger 
Tnemhera  of  the  same  genera^  and  the  more  rapid  reapiratioii  of 
the  child  or  young  animal  aa  compared  with  the  adult.  In  addi- 
tion, an  examination  of  the  above  table  shows  that  the  respiratory 
exchange  of  moat  of  the  cold-blooded  animals  is  very  Hniall,  but 
that  in  the  case  of  ineocte  the  metabolism  is  most  active  mid  often 
equals  that  of  the  larger  mammak.  This  interesting  exception 
to  the  general  rule  ia  to  be  anHoeiated  with  the  high  temperature 
and  great  muscuLir  activity  of  insects.  A  comparison  of  the  data 
for  birds  and  mammala  will  show  that  as  a  general  rule  the  former 
have  a  more  rapid  rcBpiratory  exchange,  and  this  difference  ia 
also  aaaoeiated  with  a  higher  bodily  temperatm-e. 

It  is  unneccKsaiy  here  to  discuas  all  the  conditions  which 
influence  the  respiratory  exchange,  but  there  are  some  which 
are  of  fundomental  importance  \  such  are  the  age  and  aiae  of  the 
animal,  the  influence  of  muacular  aotiviby,  food,  and  external 
temperature- 

Injfiience  of  Age  upon  the  R^ttfiratory  Exchange. — The  process 
of  res[]iration  in  the  embryo  and  fretus  will  he  discussod  in  a  later 
portion  of  this  article ;  here  the  question  to  be  considered  ia  the 
total  intake  of  oxygen  and  output  of  carbon  dioxide^  Id  the 
caee  of  mammala  there  aro  great  technical  difficulties  in  the 
estimation  of  the  respiratory  exchange  of  the  fit'tiiflT  for  incision 
of  the  uterus  interferes  with  the  circulation  of  the  blooil  through 
the  placenta.  It  is  probable  from  the  few  data  which  eidst  that 
the  reapiratory  exchange  in  the  f<jctu3  towards  full  term  ia  weight 
for  weight  equal  to  that  of  an  adult,  for,  although  its  muscular 
activity  is  not  great  and  its  capacity  to  regulate  its  temperature 
is  imperfect,  it  is  rapidly  growing  and  is  kept  warm  by  the  heat 
of  ita  mother's  body.  In  the  case  of  birds  the  respiratory  eschange 
can  be  studied  under  favourable  conditions  during  the  develop- 
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ment  of  the  chick  within  the  ogg,  but  it  is  necessaiy  to  remE^mber 
that  the  output  of  carbon  dioxide  and  the  intake  of  Gxvgeii  for 
the  conventional  tenna  of  one  tilogrBni  of  hndy-weight  and 
one  hour  must  be  calculated  not  from  the  weight  of  the  egg  but 
from  the  weight  of  the  embryo  contained  therein.  Thus  on  the 
nineteenth  day  of  incubation  the  cjirbon  dioxide  discharged  by 
anegg{'')  waa  "007  grm.  in  15  minutea  at  a  temperature  of  40^  ;  the 
weight  of  the  egg  after  the  shell  waa  removed  waei  52  grm. ;  that 
of  the  embryo  without  its  jolk-sac  27(>grm.  The  discharge  of 
carbon  diojddc^  pej-  (dlogrikm  of  body-weight  and  one  hour  is  thus 
almost  exactly  1  grm.  A  first-day  chick  dlechargcd  1T14  grm.  per 
Idlo  and  hour  at  a  temperature  of  ^1-15^,  and  3  tJOG  grm.  at  17%  a 
value  which  mueh  excneds  that  obtained  by  Regnault  and  Ri>iset 
for  a  hen,  namel^'^,  1  327  grm-  at  19'^, 

In  the  caae  oj  the  newly  bom  animal  and  infant*  detcrminetiona 
show  that  the  reapiratory  exchange  la  under  natural  conditions 
more  energetic  than  in  the  adult ;  it  ia  easily  influenced  by  changeH 
of  external  temperature,  for  the  regulation  of  temperature  is  ico' 
perfect,  and  it  wiU  be  ahown  later  that  in  many  cases  cold  will 
produce  a  marked  fall  in  the  reapiiatorj  exchange  o£  the  newly 
borri-  Against  this  effect  there  are  natural  safeguarda ;  the 
breeding  season  generally  begina  in  the  springf  and  the  young 
are  produced  when  ike  weather  ia  mild ;  the  mother  selects  a 
sheltered  spot  for  her  nest  or  bed  and  broods  over  her  helpIeHa 
offspring.  Warmth  is  necessary  and  warmth  is  secured  ;  the  care 
of  the  mother  ia  not  for  the  relief  of  weakness  due  to  parturition, 
for  such  weakness  is  obviously  not  present  in  birds  and  is  also 
absent  in  woman  and  mammals  untouched  by  the  degenerating 
influence  of  over-civilisation  and  domesti elation  ;  moreover,  this 
parental  care  ia  seen  in  many  cock-hirdH,  which  share  the  duties 
of  incubation  and  bri>oding  with  the  hen.  The  degenerates  of 
modern  society  have  degraded  maternity  from  its  position  as  the 
highest  duty,  and  too  often  the  woman  of  aociety  either  cannot 
suckle  her  ofTspring  or  hss  lest  the  imperative  natural  instincts 
of  cherishing  her  Infant  with  the  warmth  oi  her  body  and  feeding 
it  with  her  own  mJlh. 

Under  favourable  conditiora  the  infant'e  respiratory  exchange 
is  most  active.  I'hua  fiabzlk  ("^)  found  that  in  an  infant  1}  hours 
old  and  weighing  2670  grm.  the  intake  of  oxygen  and  output 
of  carbon  dioxide  were  5[»2  c.c.  and  'IGft  c.c.  per  kilo  and   hour  ; 
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for  the  same  infant,  when  it  was  eight  days  old  and  weighed 
2G50  grm..  the  respL-ctive  values  were  826  u.t;.  and  52S  c.c.  This 
may  be  contrasted  with  the  values  obtained  by  Gcppert  for  a 
man  at  rest,  2^  c.c.  of  oxygen  absorbed  and  308  c.c,  of  carbon 
dtoxide  discharged  per  kilo  and  honr, 

Babiik's  leaulta  are  of  great  practical  importance,  for  a  rapid 
metabolism  neceasitates  the  ready  abBorption  of  a  perfect  food, 
if  the  infant  is  to  grow  rapidly.  The  moat  perfect  and  the  cheapest 
food  ia  the  mother's  milk.  Artificial  feeding  ia  without  a  doubt 
the  chief  eauBc  oi  the  wholesale  Bacrifico  of  infant  lives,  which  is 
to  be  obaerved  in  this  country  J 

In  tb^  child  ahiu,  tis  would  be  expected,  the  respiratory  ex- 
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change  in  relatively  much  greater  than  in  the  adult;  data  upon 
this  point  will  be  given  in  the  next  section,  for  the  influence  of 
age  is  closely  associated  with  that  of  the  size  of  the  body. 

In  aged  subjects  the  respiratory  esehaiige  is  relatively  auialler 
than  that  of  the  adult ;  a  reault  which  could  he  predicted  from 
the  diminished  activity  and  muscular  tone  of  the  aged, 

Injla^nce  of  the  Bi*.e  of  the  Wortn-bloodejt  Amnuit  upon  its 
Res'pitaiory  Exchange. — The  larger  an  animaJ  is,  the  smaller  is 
the  ratio  between  its  surface  and  its  masft,  for  surface  increaaea 
as  the  si^uare  and  weigiit  aa  the  cube.  This  important  rplation 
between  the  weight  or  umeti  i>f  a  body  and  the  extent  of  it^  surface 
ia  well  shown  by   the  diagram  glvcJi   above  (Fig.  25),  and  the 

■  Saa  Edilorta  Nai«  oi.  triid  of  votnmc^ 
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curvea  (Fig,  26}.  Thus  it  is  that  &  sitiaII  ftniirtal  has  a  far  greater 
surface  in  relation  to  its  weight  than  haa  a  large  aniinal-  Ths 
smaller  Tnammola  and  birds  have  an  internal  ttmperatiire  which 
ifl  as  high  or  even  higher  than  that  of  the  bigger  ftnimals ;  it  there- 
fore followe  that  owing  to  its  relatively  greater  cutaneoua  anrfacB 
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the  hiiijlII  animal  must  posBeaa  either  a  ajiecia!  covering  of  fur  or 
feathers  for  the  prevention  of  an  eseessive  loits  of  heat  or  a  morg 
Tapid  production  of  heat  than  the  big  animal.  Both  mcaoa  are 
employed,  but  hero  it  ia  only  nee*>Bsary  to  diaciiss  the  latter.  An 
increased  production  of  heat  necoaBitatea  increased  cornbuation, 
increased  absorption  of  oxgyen  and  discharge  of  carbon  diovide. 
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and  &  greater  supply  of  food-  An  examinatioti  of  the  tJible  for 
the  rcHpiratory  exchange  of  different  mammals  and  birds  will 
show  th&t  a  mouse,  wtuch  weighs  25  grm.  and  has  a  temperature 
of  37°,  discharges  8'4  p-m.  oE  carhor  dioxide,  and  an  ox,  whicli 
weighs  660,000  grra,  and  has  a  temperature  of  38°,  diachargea 
OS  grm.  of  carbon  dioxide  per  kilo  of  body-weight  and  hour; 
a  comparison  between  a  sparrow,  whJcrli  weighs  22  grm..  and  main- 
taina  an  internal  temperature  of  42°,  and  a  heu,  wliich  weighs 
1280.grm.  and  haa  aaimilar  high  temperature,  ahowB  that  the  respec- 
tive figures  for  the  output  of  carbon  dioxide  are  10-5  and  1'3  grm. 
For  an  infant  and  a  child,  foi  a  child  and  an  adult,  a  similar 
compariaon  could  he  made.  Indeed  Sond^n  and  Tigeratedt^a(") 
researches  upon  the  respiratory  exchange  and  total  metaboliam 
of  man  show  that  over  and  above  the  greater  reapiratory  exchange 
due  to  the  relation  between  surface  and  masa,  there  is  a  greater 
combustion  due  to  the  age  of  the  child ;  the  younger  the  child 
the  greatcF  is  this  excess.  It  is  interesting  to  note  also  that  these 
ohaervera  find  that  the  output  of  carbon  dioxide,  whether  it  Iw 
calculated  for  weight  of  body  or  for  cubaueoua  surface,  is  much 
greater  in  the  male  than  in  the  female  child  even  when  individuals 
of  similar  age  and  weight  are  compared.  The  average  reaults 
show  that  the  ratio  is  as  140  to  100,  This  sexual  difference  in 
metabolism  gradually  diminishes  and  disappears  with  the  ap- 
proach of  old  age ;  it  la  probably  due  to  the  greater  mus- 
cular tone  and  restlesaneaa  of  the  boy,  for  it  is  not  shown  in 
the  reaiilts  obtained  by  Magnus-Levy  and  Falk  upon  children 
fasting  and  lying  down.  The  following  table  [see  p.  4tl6)  gives 
the  average  results  obtained  by  Sonden  and  Tigerstedt ;  the 
observations  were  ^ma<le  upon  iikdividuals  sitting  down  and  a 
short  time  after  a  meal,  two  conditiona  which  would  explain  the 
increase  in  the  respiratory  exchange  above  that  observed  by 
Magnus- Levy. 

This  question  ie  one  of  great  practical  importance,  for  it  ahowB 
that  the  dietary  for  children  must  not  be  calculated  on  the  basis 
of  their  weight ;  they  require  relatively  a  mud]  more  liberal  diet 
than  adultfl.  Apart  from  the  influence  of  the  large  cutaneous 
surface  upon  the  combustion  of  food  sutfitances  in  children,  it 
is  obvious  that  active  growth  cannot  occur  ufdcss  there  be  a 
giirplua  of  intake  over  output.  Serious  mistakes  have  been  made 
owing  to  neglect  or  ignorance  nf  these  facts.    Haldane  pointed 


496 


THE  BESPIRATORY  EXCHANGE 


ont  that  the  diet  i^lowed  f oi  the  Boer  cMdien  in  the  o<Hioeiitn- 
tion  camps,  vhioh  were  formed  dming  the  South  African  Wu, 
wu  inodequte,  and  there  is  little  doubt  that  the  infant  mortality 
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wae  LDCreased  owing  to  this  deficiency.  Directly  the  mistake  wae 
recognised  the  diet  was  changed  by  the  order  of  the  Goverament, 
and  the  death-rate  fell.  It  is  neceeeary,  however,  to  remember 
that  the  infant  mortahty  was  never  so  great  as  that  found  in  the 


INFLUEN^CE  OF  WORK 


ivr 


great  towna  of  England,  and  thia  differeuce  ia  to  be  attributed 
in  ^reat  mcaauro  to  tho  fact  tlmt  the  idcnl  of  mat«rait>'  among 
the  Boer  women  ia  more  Datnrai.  and  thcrolore  higher,  than  that 
among  many  ol  tbe  degenerate  dwellers  Ln  large  cities. 

Richet  made  an  interesting  series  of  ejcperinient*  upon  the 
output  of  carbon  dioxide  of  doga  of  different  sW^s,  and  ffiund,  an 
the  follo™g  table  will  show,  that  it  bore  a  very  confltiiiit  relation 
to  the  flurfflce  c£  the  body, 
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A  series  of  similar  obaervationa  made  upon  birds  did  not  show 
thifi  constant  relation  between  surface  and  mass  ;  this  ia  probably 
expUined  by  the  great  difficulty  of  maintainicg  comparable  condi- 
tions aa  regards  muscular  activity, 

InjlMence  of  MujtcuJ^ir  Work  vpon.  the  Respiratory  Exchange. — 
The  musclea  are  the  most  important  seat  of  respiratory  exchange, 
for  they  moke  up  neatly  40  per  cent,  of  the  weight  of  the  body 
and  are  subject  to  great  activity  ;  even  during  a  condition  of 
apparent  rcat  they  are  in  a  condition  of  tone,  and  the  respiratory 
muscles  and  the  heart  are  subject  to  frequent  contraction,  alter- 
nating with  relaxation,  throughout  hfe.  The  practical  importance 
of  the  great  effect  of  muscular  exercifle  upon  the  proeeaaea  of 
oxidation  in  the  body  cannot  be  ovcreatimated  in  these  days, 
when  ovcr-civiUsation  tends  to  weaken  the  physitiue  and  moral 
fibre  of  man.  There  ip  no  other  condition,  whether  il  he  phyeio- 
logical  or  pathological,  which  will  produce  such  a  great  increase 
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m  the  absorption  of  oxvgi^n  and  the  diachai^  of  carboa  dioiddo, 
such  &  widespread  ^ITect  Tipon  thi*  f^xcliange  of  nkat^rial  m  the 
body.  Men  in  a  primitive  cnndition  is  forced  to  muscular  exercise 
in  order  that  he  raay  obtain  food  or  protect  himself  from  wild 
animftla,  or  more  often  from  hia  fellow-man.  Civiliaaition  cannot 
over^ld(^  in  a  generation  or  two  the  characteriaticB  impressed 
through  oountloaa  afiea,  and  the  need  for  oxcrcise  becomes  im- 
p<?pative  anfl  finds  satisfaction  m  sport,  when,  owing  to  the  process 
of  divisiioii  of  labour,  some  dass^s  b**c'i>tiie  difterpntiat^  for  work 
necessitating  but  little  inuacular  activity.  An  agncultural  jiopula- 
tior  find  the  requiaite  exercise  in  their  daily  toil,  which  ia  sufficiently 
divcrsifipd  to  oserciao  all  the  musfloa ;  In  a  manufaoturing  eom- 
iminity  the  special iaation  is  so  ^jreat  that  muacular  activity  ia  in 
some  fomiH  of  work  vf^ry  slight  or  directed  into  gome  narrow 
channel,  ami  oiit<Loor  aport  becomes  a  necesaary  pleasure  to  the 
fit.  Une  of  the  marked  characteristics  of  bfe  is  oxidation  ;  but  the 
benefits  of  muscular  work  arc  not  to  he  attributed  to  that  alone. 
Muscular  activity  is  not  a  simple  increase  of  oxidation ;  tho  body 
is  not  a  machine  from  which  more  work  can  be  obtained  simply 
at  the  expense  of  mure  fuel  and  inrreased  wear  and  t*?ar.  The 
co-ordination  of  all  the  systems  of  the  body  is  ncccsaaryi  and  ftll 
parts  arc  affected  :  the  growth  and  vitality  of  the  body  ie  favoured 
by  the  work  performed.  In  these  respects  miiacular  exorcise  is  of 
the  utmost  importance^  and  one  may  see  in  the  training  for  war- 
far»'  among  thn  highly  civilised,  and  ftH|iwially  tlie  manufacturing, 
nations  a  blessing  in  disguise.  Should  the  danger  of  war  ever  be 
entirely  removed  the  only  safeguard  agabst  degeneration  woiihl 
bo  outdoor  aporth 

The  effect  of  muscular  exercise  can  be  best  shown  by  a  coni 
of  the  respiratory  exchange  during  rest  and  eiereise.  The  most 
marked  rest  is  sleep  ;  the  respiratory  e-xchange  is  then  at  its  daily 
minimum.  When,  however,  a  man  is  awake  but  lying  down,  the 
relaxation  of  the  muscles  is  incomplete  and  the  respiration  isi 
greater;  it  h  only  by  the  exercise  of  great  care  that  the  subject 
of  the  experiment  can  more  completely  reki  his  muscles,  and  thus 
imitate  the  condition  during  sleep,  Loewy  and  Johansson  took 
auch  precautions  in  some  of  their  observations,  and  then  obtained 
an  output  of  carbon  dioxide  and  an  intake  of  oxygen  which  were 
but  little  above  the  quantities  found  during  sleep ;  from  their 
'la  an  average  figure  0-3  grm.  may  be  given  for  the  dis 
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of  carbon  dioxide  per  kilogram  oF  bodv-woight  and  hour  under 
such  conditions.  It  ia  neoeaaary  to  point  out  that  this  ia  not  rest 
in  tbe  ordinary  aense  cf  the  worfi  ;  ajich  rnuacular  relaxation  requires 
the  constant  exercise  of  tlie  will  in  the  man  who  is  awake  and  the 
subject  of  observation,  For  thla  reason  the  dftta  already  givea 
ior  the  discharge  of  carbon  dloKid?  by  male  and  fenialc  children 
fit  different  ogea  an?  to  be  considered  normal ;  the  greater  oiaaoular 
tone^  even  tlip  rpstlessnesa,  of  the  hey  is  a  natural  characteriatic 
whicb  dieting uid lies  him  Froni  the  girl. 

More  muscles  are  brought  into  activity  in  the  atanding  than 
in  the  sitting  posture,  and  more  in  the  sitting  posture  than  in  the 
prone  position.  The  differences  are  demonstrated  by  the  increase 
in  the  reepiratory  exchange^  the  temperature  of  the  body,  and  in 
the  sensations  of  efTort  and  fatigue  Although  the  first  careful 
espflrinientH  upon  theae  queHtions  were  perEonneiJ  in  this  country 
by  E.  Smith,  the  most  exact  investigations  have  been  carried  on 
abroad,  chiefly  by  Ziints  and  his  pupils  and  Johanaaon.  E.  Smith 
found  that  a  man  discharged  lOIO  cc.  of  carbon  dioxide  per  minute 
when  he  was  asleep,  569"o  c,c.  when  he  was  walking  at  a  rate  of 
two  niilps  (-^048  metres)  an  licur,  and  851"2  c.c.  wben  he  quickened 
the  pace  t-o  three  milea  (1S!J7]9  metres)  per  hour.  The  moat  marked 
increase,  to  1581-S}  c.e-  per  miniitci,  was  produced  by  work  upon 
a  treadmill. 

The  more  recent  observations  have  been  made  upon  men, 
horaea,  and  dogs  in  the  condition  of  rest,  work  of  diflerrnt  kinda, 
and  rest  immediately  following  work.  A  comparison  oE  tlie  effect 
of  walking  upon  level  ground  with  the  Eisccnt  of  an  inelinc  was 
made  by  Kataenatein,  and  the  following  rsBults  were  obtained  for 
the  respiratory  exchange  of  tbi&a  individuals. 
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Johansson  found  that  the  output  of  carbon  di 
with  the  load  and  the  number  of  contractions  in 
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tlie  Benaation  of  fatigue  bore  no  direct  relation  to  the  output  of 
carbon  diojcidt.'-  The  effect  of  speed  la  well  aLown  by  the  follciwirg 
obaervationa  umde  by  Zimt£  and  LehmaEm  upon  Lorsea. 
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These  figures  show  not  only  the  great  increase  produced  in  the 
ventilation  of  t)ic  lungs  and  the  respiratory  exchange,  but  also 
the  abBence  of  any  alteration  in  l\i&  respiratory  quotient. 

A  bicycle  ride  at  the  rate  of  **27  feet  (252  metres)  per  minute 
or  9  miles  {15  kilometres)  per  hour  necessitated  an  absorjjtion  of 
4S74  c.c-  of  oxygen  per  metre  of  the  distance  traversed ;  this 
waa  increaaed  to  5672  o,c.  when  the  speed  waa  quickened  to 
lltio  feet  (355  metres)  por  minute  or  I2i  niilca  (21'^  LdJometree) 
per  hour.  This  marked  increase  observed  by  Leo  Zuntz  ia  not 
to  be  entirely  attributed  to  the  extra  rate  of  riding,  but  in  part 
to  the  eitra  muaciilar  effort  necessary  to  overcome  the  resjataioe 
of  the  air,  a  factor  well  known  to  all. 

It  is  a  mutter  of  gcnf^ral  cxperitDCe  that  practice  makca  the 
performance  o£  worlc  easier,  fatigue  renders  it  more  difficidt.  It 
is  also  well  known  that  at  the  commencement  of  exereise  or 
muscular  work  there  is  often  absent  even  in  the  trained  man  that 
smoothness  in  the  c^-ordination  of  the  niLiscular  contractions, 
respiration  and  circulation,  which  comes  after  a  short  time,  and 
]&  expreseed  in  the  colloquial  language  of  the  labourer  as  '^  gotting 
into  the  swing  of  the  work,"  The  adaptations  involved  are  no 
douht  very  complex,  but  here  can  be  discusaed  only  the  respira- 
tory exchange.  There  are  indeed  (juaiititativc,  if  oot  quafiiative 
changes,  in  the  respiratory  exchange  which  appear  to  agree  with  the 
experience  of  the  man,  and  even  in  animals  auch  a  condition  obtains. 
Thus  Zuntz  and  Lehmann  showed  that  when  a  horse  waa  made  to 
perform  a  moderate  task  of  considerable  diu"atior,  he  worked  after 
a  short  time  more  economically,  discharged  less  carbon  dioxide,  and 
absorbed  lesa  oxygen  than  in  the  e^ily  stages  oE  the  work. 
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Observations  made  by  Gniber  aod  Schnyder  upon  man  show 
that  the  outpat  of  carhon  dioEide  for  th^  pcrforitiEuioe  of  ft  rlcfmit^' 
inere  of  worV  tah  he  reduced  by  pmcticp  to  twrt-thirds  of  the 
original  value  ;  this  is  also  proved  by  the  resiilte  obtnbed  by  Zuntz 
and  Schumburg  ['~)  in  the  case  of  recmita  and  triuncd  GoldiorB. 
The  recruit  learning  to  march  at  liral  n&G&  more  muadea  than  are 
necessary^  and  works  uneeonomirally  even  the  ones  which  are 
necessary  for  ths  movements  ;  during  any  given  maruh  he  dia- 
charges  a  larger  amount  of  carbon  dioiide  th&o  he  will  do  after 
training, 

Fatigiio  IB  alao  accompaniud  hy  on  cictravngant  metabolism  ; 
from  this  cause  the  output  of  carbon  dioside  may  be  increased 
even  as  much  as  21  per  cent.  An  abnormal  n^  in  the  temperature 
of  the  body  ia  produced  by  ejcesajve  and  prolonged  work  under 
unfavourable  conditiona,  and  apparently  cauacs  a  further  ejttrava- 
gant  combustion. 

Soreness  of  feet  caused  by  unsuitable  boots  will  cauae  th« 
sufferer  to  bring  into  action  muscles  other  than  the  usual  ones 
required  for  walking  ■  this  he  dopa,  even  miconacioasly,  in  order 
to  diminiflh  ae  far  as  poaaible  the  movement  or  pressure  wluch 
cauaes  pain.  The  abnormal  use  of  such  mascles  causes  an 
extravagant  t^ombviation  and  more  fatigue^  Soldiers  in  such  a 
plight  are  often  forced  to  fall  out  of  the  ranks,  especially  if  they 
have  been  marching  rapidly  in  unaultabte  clothes,  exposed  to  a 
hot  and  moist  atmos[iliere  and  loaded  with  rifle,  ammunition! 
and  kit.  The  combined  action  of  these  unfavourable  conditions 
will  in  many  cases  cause  such  an  abuormal  rise  in  the  temperature 
of  the  body  that  "heat  stroke ''  is  the  result.  Work  which  is 
performed  painfully  by  man  or  beast  is  uneconomicab  The  truth 
of  these  BtatemerlA  has  been  Jully  deitionsi.rftted  by  the  snccessea 
and  failui^es  of  forced  marches.  Pain  ts  beneficent ;  it  is  a  warning, 
a  natural  safeguard,  an  incentive  to  rest ;  the  sensations  of  pain 
maybe  Deglected^  or  may  be  deadt^ned  by  drugs  and  work  can  \>e 
performed,  but  it  ia  extravagant  work,  and  the  penalty  has  to 
be  paid  Hooiier  or  later. 

An  exacujiatiou  of  the   respiratory  and  nitrogenou' 
indicates  that  muscular  work  is  performed  witi 
destruction    of  the  proteid   of  the   musolea.    ': 
moiety  of  the  complex  proteid  molecule  uppe 
and  to  yield  on  combuBtion  the  energy  and  hi 
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traction,  Niuikeroua  ezpenments  made  upon  men  and  viimala 
hfiTO  ahowD  th&t  nork  doeA  nob  incre&se  the  diacha^e  of  DitrO' 
genouB  flubstancea  in  the  iirijie;  even  more  nuniproufl  obacn-atjona 
hftvc  provod  that  tbc  respiratory  oxchango  is  inunediately  and 
uarkedly  Increased  by  exercise,  and  within  limits  varies  as  the 
work  done.  The  conclusion  is,  therefore,  drawn  that  muscular 
entrgy  is  obtained  at  the  expense  ol  non-mtrogenoua  Dubat&nces. 
The  demand  for  thia  energy  can  be  met  by  food  consisting  lui^ely 
of  carboliydrates  and  fata ;  protcid,  it  is  true,  con  be  used  and 
often  with  great  advantage,  (or  it  is  easily  dit^atei.  The  nitro- 
genous  excretion  under  ordinary  conditions  varies  with  and  in 
the  same  direction  as  thE-  nitrogenous  intake,  and  tlie  balance 
of  evidence  tenda  to  show  that  prcteid  food  ia  entirely  broken 
down  during  digestion  \  the  non -nitrogenous  products  of  this 
dccompoaition  can  be  retained  and  formed  into  fat  and  carbo- 
hydrate, and  in  the  latter  form  may  be  again  linked  to  the  proteid 
of  the  tissues. 

It  is  inipORsible.  to  adeijuately  discuss  hwe  the  aourcea  of 
muflonl&T  energy,  but  it  may  not  be  amiA3  to  pmnt  out  that  the 
great  increase  in  the  output  of  carbon  dioxide  during  the  per- 
formance of  muscular  work  shows  the  necessity  nf  an  adequate 
supply  of  food.  Men  and  horses  worlc  best  when  they  are  well 
fed,  and  fe»^d  best  wben  they  are  wHi  worked,  Wifrk  creates  a 
craving  for  food,  and  thus  aasista  digestion  and  absorption.  Here 
is  a  natural  stimuJua  to  the  appetite,  more  potent  than  any  drug; 
it  is  known  to  some,  but  many  will  not  he  cured  of  their  ailments 
by  muscular  work ;  they  seek  some  miracle-working  drug,  or  the 
waters  of  a  fashionable  health-resort  where  they  are  unconsciously 
made  bo  take  exercJue  and  le^kd  a  more  natural  life. 

These  facta  are  of  practical  importance,  for  they  ehow  how 
far-reaching  arc  the  cficct^  of  csercise.  and  how  necessary  a  rational 
training  is  for  aoldiera,  athletes,  and  horses.  Experience  is  indeed 
thft  result  of  a  series  of  experiments  made  iipon  alarge  mimb^  of 
individuals,  and  its  teaching  cannot  he  safely  ignored.  The  chief 
danger  lies  in  dr>gniatic  and  rigid  systems  i  the  wide  range  of 
physiologicai  variations  is  known,  la  even  well  exproased  by  the 
saying,  '*  Ae  roan's  meat's  anither  man's  poison,"  but  it  is 
frequently  forgotten.  Some  men  have  as  great  a  craving  for 
regulating  their  own  aTid  other  peopIe^s  food  and  exercise  as 
theologians   have    for   oniformity    in    beUef.     Vegetanans,    flesh- 
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eatera,  vhewers,  nitrngen  eccnomir^i  ali  bear  witness  to  aaniB 
portion  o(  truth,  but  believe  m  the  way  charncterUbic  of  people 
with  a  misBion  tbat  their  little  piece  m  ths  whole  truth  nnd  nothing 
but  the  truth.  Tlie  sitme  may  be  said  of  many  i)f  the  exponents 
of  svatems  for  muacular  training. 

Til?  praonal  equation  can  only  b«  d^ternilu^d  by  evp^nmenta 
carriod  out  upon  tbt  individual  hiiasrif ;  instim^  and  experlKnce 
result  therefrom,  and  are  the  natural  and  safest  guides-  The  idea 
tbat  a  man  sliould  determine  his  diet  by  its  oJiemical  composition 
or  caloric  value  is  not  only  repugnant  but  also  unsciGiitific ;  like- 
wise it  is  impoasible  to  l&y  down  hurd-and-fast  rules  for  the  Amount 
and  nature  of  exercise  to  be  taken.  The  personal  equation  is  the 
primary  iaetor. 

Inffueme  of  Food  upon  ihe  itespirtiiorii  i^'icAatyr.— There  ia  ei 
doily  variation  in  the  respiratory  exchange,  which  in  ita  main 
features  ap^es  with  the  variation  in  the  temperature  of  the  body  ; 
there  is  a  rise  during  the  day,  the  time  of  activity  and  work,  and 
a  fall  during  the  night,  the  time  of  lest  and  nleep.  One  of  the 
chief  factors  in  the  production  of  this  cycle  is  muacular  activity, 
which  haa  already  been  discussed  ;  the  next  important  factor  ia 
the  intake,  digestion^  and  aBsimilatioii  of  food. 

The  ganeral  effect  of  food  can  be  best  demonstrated  by  a 
comparison  of  the  respirattrry  exchange  of  a  fasting  animal  with 
that  of  the  same  animal  when  it  haa  been  well  fed.  In  addition 
bo  the  general  eSect,  the  special  iniiuence  of  the  different  classea 
of  food-stufiar  proteids*  carbohydrates,  and  fata,  must  be  con- 
sidered > 

The  earliest  work  upon  the  subject  ia  tbat  of  Lavoisier,  who 
shewed  that  in  man  food  caused  an  incre^ise  in  the,  output  uf 
carbon  dioxide  and  the  intake  of  oxygen.  It  is,  however,  the 
classical  research  of  Kcgnault  and  Keiset,  which  first  clearly  de^ 
monstrated  the  influence  of  fasting  and  feeding  upon  the  reepirfl- 
tory  ejtchanga.  These  observers  fomid  that  the  reapiratory  quotient 
varied  from  0  G2  to  1~G4»  according  to  the  nature  of  the  food  con- 
sumed by  the  animal ;  during  fasting  the  reaplratory  exchange 
of  a  herbivorous  animal  resembled  that  of  a  carnivoroua  animal, 
for  it  waa  living  upon  its  own  fleah  ;  an  animal  w«U  ft<d  wilt 
com  often  discharged,  combined  with  carbon  as  carbon  dioxide, 
greater  quantity  of  oxygen  than  that  absorbed  by  the  luni 
Lavoisier  beheved  that  the  combustion  in  an  aidinara   body  wi 
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B  bimple  proci'Hs  oi  oxidfttinn,  the  luiiun  of  oxygen  with  carlKm 
and  hydrogen  to  form  cfttboQ  dioxide  and  water.  This  view 
RegD&ult  and  Rciaet  cijntested,  (or  thoy  held  that  thv  oxidation 
wttfl  a  more  complex  prooese,  in  some  reapecta  complete,  ia  otbere 
incomplete,  as  shown  by  the  dischflrge  of  such  aubstflncpB  as  ureu 
and  uric  acid. 

Within  recent  years  many  obaervera  have  carried  out  extensive 
inveatigfttionB  Ut  determine  the  influence  of  faating  and  feeding 
upon  the  respirotorj'  exchange  oi  racn  and  aniraala,  and  upon 
many  puinls  of  interest  have  obtained  concordant  results.  The 
re»piratory  exchangrt  ahdws  a  niaTkc<]  detreas*?,  when  no  food  ia 
talteHf  quickly  rcacliea  a  niinLirium^  and  then  remains  remarkably 
coDstant  during  a  prolongation  of  the  fast.  In  the  case  of  the 
lasting  man,  Catti,  the  average  absorption  of  oxygen  was  found 
hy  Zuntz  and  Lehmann  to  be  165  c.c.  per  kilo  body-weight  and 
mmute  for  the  third  to  the  sixth  day,  and  4"73  c.c,  for  the  ninth 
to  the  eleventh  day  of  this  inM..  Witliln  twelve  nr  twenty-four 
hours  of  the  last  meal  the  respiratory  exchange  reached  the 
minimum  shown  in  the  following  table. 
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The  reapitatory  quotient  falls  during  fasting  to  075  or  even 
tu  0  G3  :  the  animal  is  livin|^  U|X}ii  itti  proteJd  and  fat,  which 
contain  a  relatively  large  quantity  ol  carbon  and  hydrogen  and 
a  amall  quantity  of  oxygen.  The  lower  figure  ia  even  below  the 
theoretical  value  for  the  combustion  of  fat,  and  ia  probably  to  be 
explained  by  the  formation  of  glycogen  and  sugar  from  the  Eat 
and  proteld  of  the  tiaauea.  The  c^rnsideTation  of  thia  queation 
oan  be  rendered  easier  by  the  following  fomiulie,  which  represent^ 
the  oxidation  of  diOercnt  Bubetanuea  : — 
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C„H„Ofl + flO<;  =  aCO,  +  6H3O 

O^n^iOiiU^O.,),  +  tJOO^-  57COj  +  52H,0 
Olein. 

Oj  "SO"*''"" 

t^7.H,i^N,  A^S  +  770, =,63COi  +  3811^0  +  0CO(NHj),  +  SO, 
Empiri&U  formulu  for 
ulhumiii  (Liohpplcuhn), 

2CaH,(C,^H^n^),  +  640^  =  1«C„H,,0^  +  I  SCO,  +  8Hp 

The  lattt  equation  rejireBents  the  formation  of  sugar  from  the 
partial  oxidation  of  fat,  ».nd  the  probahle  origin  of  the  low 
quotients  which  are  observed  in  hibf^mating  anunale, 

Recf^nt  rtr^archea  tend  to  ahow  that  fat  is  present  in  smaU 
qufiDtitiefl  in  the  bodiQ^  of  aiiimala  which  have  died  from  starva- 
tion»  and  it  i.s  probable  that  the  femienU  of  the  tissues  exert  a 
digcativo  action  amiilar  to  that  of  the  juices  of  the  alimentary  canals 
and  by  their  action  upon  the  tiasuea  supply  the  starving  animal 
with  the  energy  which  is  ncccBsary  for  the  immediate  support  of 
life.  The  formation  of  small  quantities  of  fat  and  carbohydrate 
may  thua  c-ontinue  m  long  a«  lifi?  lasts. 

When  food  la  taken  the  respiratory  eKchange  riaea  rapidly ; 
this  is  due  in  part  to  the  muscular  and  glandular  activity  involved 
in  maHticatioii,  awallowing,  pomtaUia,  and  digestion,  but  chicfiy  to 
the  combustion,  complete  or  incomplete  as  the  caee  may  be,  of  the 
food  ingesteiJ,  Zuntz  would  attribute  the  greater  intake  af  oxygen 
to  the  increaaed  activity  of  the  aiimentary  canal,  for  be  found  m 
a  joint  research  with  von  Mering  that  food  placed  lu  the  stomach 
of  an  animal  increased  the  absorption  of  oxygen,  but  subetancea 
Buch  as  lactic  acid,  glyferin^  sugar,  and  egg-albumin  hod  no  marked 
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effect  upon  the  intaJte  of  oxygen  wlien  the?  were  mjccttd  into 
tho  blood-  In  the  citeo  of  a^  horse,  Zuiitz  &ud  Hagcma[in  calculated 
tbflt  nearly  half  the  available  energ)'  of  the  hay  would  be  spent 
in  the  work  of  mastication  and  digestion.  These  \'iew8  are  sup- 
ported by  L'jewy,  who  deter niine<i  the  respiratijry  exchange  of 
faating  m&n  before  and  after  a  doae  of  aodlani  sulphate  or  a 
draught  of  cold  water,  whereby  the  alimentary  caual  waa  atimu- 
lated.  The  respiratory  excbange  was  increased  by  10  or  20  per 
ceut,,  but  was  unaltered  when  sodium  chJoride  aud  sodium- 
bicarboiLate  were  given  instead  of  sodium  sulphate.  T»ewy 
suggests  that  the  therapeutic  value  of  the  waters  of  Cailsbad  and 
Marienbad  may  be  partly  due  to  this  stimulating  effect  of  sodium 
sulphate.  It  is  probable^  howevetf  that  Zuiits  has  overestimated 
the  part  played  by  the  activity  of  the  alimentary  canal,  for  ea:peri' 
ments  by  Magnus-Levy,  Bleibtreu,  Koraen,  Pemhreyand  SpriggH(*^] 
^ow  that  the  lucreaeed  respiratory  exchange  is  deterTriued  not 
8o  much  by  the  digeatibility  of  the  focxl  as  its  effect  upon  the  meta- 
boliflm  of  the  body.  ThJB  ia  even  granted  by  Zunta  himself  in 
Older  to  explain  the  marked  effect  of  maize  upon  the  tespiratory 
eschange  of  a  horse, 

Tlie  e.ffect  of  footl  dejiends  upon  its  quality  and  quantity. 
Fat  ap|N:ara  to  prodiice  only  a  very  sUglit  increaae  in  bhe  reapiratory 
exchange,  leaa  than  10  per  cent,  ;  proteid,  a  rise  of  30  to  50  per 
cent,  of  the  amount  observed  in  the  fasting  animal.  A  meal  rich 
in  carbohydrates  causes  a  much  more  marked  effect  upon  the 
output  of  carbon  dioxide  than  upon  thp  irtake  of  nxyB;pn  ;  the 
former  may  in  the  case  of  rata  riee  to  97  per  cent.,  the  latter  to 
35  per  cerit,  above  the  values  obtained  in  tbe  fasting  condibion. 
The  increase  is  well  marked  within  an  hour  of  the  meal,  and 
steadily  increases  during;  the  next  two  or  three  houw.  Although 
the  output  of  carbon  dioxide  is  14  to  ^'7  per  cent-  higher  than 
the  minimal  diH^harge  during  hunger,  the  oxygen  absorbed  is 
increased  to  a  lesa  extent,  and  thus  the  respiratory  quotient  may 
rise  to  1"17,  and  remain  as  high  as  I'H  for  a  period  of  twenty  hourSn 
The  explanation  ia  to  he  found  in  the  conversion  of  carbohydrates 
into  fats,  a  chemical  change  accompanied  by  the  liberation  of 
carbon  dinxide.  These  high  qnotients  are  only  observed  during 
the  depositirjn  of  fat,  and  have  already  been  diacusscd  in  an  earUer 
part  of  this  article^ 
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The  orgiL[is  concerned  In  the  asHimiltitioii  of  food  respond 
moat  reatiiiy  ami  efficiently  to  tho  natural  atinmUifl,  food,  if  the 
lueal  lias  been  preceded  bj'  a  Eaat.  It  is.  therefore,  iutereeting 
to  noto  that  there  ia  generally  among  alJ  clafisca  of  mon  an 
interval  of  twelve  hours  between,  the  last  meal  in  the  eveoinf^ 
and  the  flrat  meal  on  the  foUowing  morning ;  the  respiratory 
exchange  may  thua  f*ill  to  a  very  low  valne.  or  even  rpach  t;he 
minimum  ohaerved  during  fasting,  and  the  digestive  organs 
will  be  in  the  most  fit  condition  for  the  digestion  and  asaimilation 
of  food. 

The  very  constant  value  of  the  minimal  respiratory  exchange 
and  the  rapidity  with  whieh  it  is  attained  during  the  first  day  of 
a  fast  indicate  that  the  vital  aetivity  of  an  animal  is  aasccJated 
with  certain  chexnic^at  changes^  which  must  be  maintained  above 
a  definite  level.  The  proceeaea  of  osidation  may  he  greatly  in- 
creased beyond  the  minimum,  but  cannot  fall  below  it  without 
endangering  life.  To  thia  there  is  an  apparent  exception  in 
hibernating  animals ;  but  it  is  apparent  only,  for  the  great  decrease 
ia  the  reaptratorr  exchange  is  accompanied  by  a  reduction  of  vital 
activitv  to  the  lowest  ebb. 

Efecl  ftf  EjliTntil  Tfrnfieratttre  upon  fAc  RaspiraiorJf  Eichutt^e. — 
The  two  groups  of  animala,  the  cold-hlooded  and  the  warm-blooded, 
show  a  marked  difference  in  their  ri^sjionse  tn  a  ciiange  in  the 
temperature  of  their  surroundings ;  the  temperature  and  respira- 
tory exchange  of  the  former  vary  with  and  in  the  same  direction 
as  the  external  tempcratureT  whereas  the  temperature  of  the  latter 
ifl  fairly  eonatant  for  a  wide  range  of  heat  and  cold,  and  their 
respiratory  exchange  in  iiiereased  by  cold  and  diminiahed  by  heat. 
The  ivami'blooihil  animal  is  able  to  maintain  \is  constant  liigh 
temperature  by  the  control  which  its  nervous  system  excrtfl  over 
the  production  and  losa  of  heat.  The  calorimeter  is  the  only 
ef&cient  method  of  meaaiinng  the  loss  of  heat,  but  variations  in 
the  production  can  he  studied  with  the  reepiralinn  chamber  as 
well  aa  the  calorimeter,  for  the  respiratory  exchange  ia  a  measure 
of  the  conibustioD-  Thus  it  is  that  the  influence  of  changes  of 
external  temperature  upon  the  respiratory  exchange  cannot  he 
diseiLseed  apart  from  the  question  of  the  regulation  of  temperature. 
In  no  case  is  this  connection  so  clear  as  in  those  animab  which 
form    a    Knk    between   the   wann-blooded   and   the   cold-hlotxled 
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aikinials,  The  Darwiniftn  ibeoiy  leads  to  tlie  coadnaion  that  tte 
former  closa  haa  ariaen  from  cold-blooded  anoestora,  and  experi- 
ments upon  tbo  respiratory  exchange  and  temperature  of  animalfl 
have  fully  confirmed  this  coneluBion  ('*).  Tlio  temperalure  of  newly 
bom  pupa,  kittens,  rabhiLs,  and  rata  falls  when  they  are  deprived 
of  the  warmth  of  their  niother^H  body,  and  steadily  declines  imtil 
it  reachea  a  point  a  few  degrees  above  the  temperature  of  the  air. 
Death  generally  occurs  when  the  internal  temperature  falla  below 
20°.  Newly  bom  guinea-piga,  on  the  other  hand,  are  able  to 
toaintaiu  their  temperature,  if  the  exposure  to  cold  be  not  exees- 
flive  I  they  difftir  from  the  other  young  animals  in  their  great 
development  at  birth,  they  are  born  well  covered  with  fur,  with 
cyea  open  and  such  control  over  their  limbs  that  they  can  run 
about.  The  young  rabbit,  which  may  be  taken  ae  an  example 
of  the  other  class,  ia  born  blind,  helpleas,  and  naked,  Sitnilaj- 
difTerences  are  found  among  young  birds ;  th*^  chick  is  able  to 
run  about,  aee»  peck  up  its  food*  and  peifurm  other  complicated 
movements  ft-ithin  an  hour  or  two  of  leaving  its  shell,  and  is  well 
covered  with  down ;  the  newly  hatched  pigeon  is  bhnd»  helpleas, 
and  naked.  The  chick  csn  regulate  its  temperature,  the  pigeon 
[^nnot. 

The  young  of  warm-blooded  auimala  can,  therefore^  be  olasai- 
fied  in  two  groups  :  the  members  of  the  first  group  respond  to 
changes  of  external  temperature  in  a  similar  manner  to  that  of 
oold-bloodod  ammala ;  those  of  the  second  group  resemble  warm- 
blooded animaU,  they  increaae  their  combuBtion  when  they  are 
exposed  to  cold.  The  evolution  and  development  of  this  power 
of  regulation  can  be  traced  not  only  in  the  aninial  seiiea,  as  shown 
by  the  ohaervatiouB  of  Sutherland  and  C,  J,  Martin  ( "*)  upon  mar- 
supialtt  and  monotremcs,  but  also  in  the  same  individual  at  diScrcnt 
sta^Qs  of  its  existence.  Hibernating  mammals,  moreover,  have 
apparently  retained  even  in  adult  life  some  of  the  characteristics 
of  their  cold-blooded  ancestors ',  during  the  summer  they  are  active 
and  warm-blooded,  during  the  winter  they  are  torpid  and  cold- 
blooded. 

Comparative  determinations  of  the  respiratory  exchang;e  in 
these  different  animals  demonstrate  cl&arly  these  faets,  and  some 
ilidfttrative  data  may  now  be  given. 

An  adult  mouse,  by  reason  of  Its  large  cutaneous  autfoce  in 
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compariaon  witb  its  maaa,  reaponda  vorj  rapidly  to  a  diange  of 
external  teraperaturo. 


rbinizD  of  £iiL>riui 

lacmtnuar 
PiirrA»lB 

iDtervid 

irltiiirL  Alikb 

Hip  liirmn*!"  or 
l>]rruiU<i  III  iliv 

bob  Liloildfl 

TdDipumtiirti. 

DBrroai. 

vmiUM. 

32'a  toll 

+  211 

SO 

30       „  10'& 

+  iia 

10 

30       „  13'7S 

+  7fi 

fi 

3f)      ,.  la 

-H   74 

9 

33-2C   „  17-5 

+  eo 

1 

U         „31-5 

-   4fl 

30 

D'75     „  E9 

-    S8 

10 

13-75   „30 

-    U 

t 

18        „  34-i 

-    18 

s 

17        „3i 

'     B 

1 

The  relationship  (^*)  between  muscular  activity  and  the  pro- 
duction oi  carbon  dioxide  and  heat  ia  well  marked ;  in  cold 
fiiirroatidings  the  mouse  is  very  active,  whereas  with  a  warm 
external  temperature  It  la  quiet  and  often  goea  to  sleep. 

Young  mice  one  day  old  show  a  decrease  in  the  output  of 
carbon  dioxide  when  the  external  tomperaturo  ia  changed  from 
30°  to  20° ;  within  hali^an-hour  the  decrease  may  be  50  per  cent. 
of  the  original  value  sTid  the  temperature  of  their  bodies  faUs, 
in  some  cases  tta  much  as  9".  At  this  early  age  the  mice  respond 
for  higher  temperaturea  in  a  manner  similar  to  that  seen  in  adult 
aniffiala ;  a  riec  in  external  temperature  from  30°  to  40^  reduces 
the  discharge  of  carbon  dioxide  to  about  one-half  of  its  previous 
value  and  raises  their  temperature,  A  chick  during  its  develop- 
ment pHssea  firat  through  a  cold-blooded  atage^  then  through  nn 
apparently  neutral  stage,  and  when  it  is  hatched  responds  as  a 
warm-blooded  animal  to  changes  of  external  temperature.  The 
marked  contrast  exhibited  by  the  young  pigeon  during  the  ^at 
few  days  after  it  is  hatched  ts  shown  by  the  following  figures  (ues 
p,  510). 

As  in  the  case  uf  the  yoang  mice,  a  rise  in  extermil  tcmi>era- 
ture  to  40°  determines  a  decrease  in  the  output  of  carbon  dioxide 
and  a  nse  in  the  temperature  of  the  young  pigeon. 
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The  chick  wob  plAced  lh  the  ruepnttioa  iihftiul>er  wiLh  the  wntcr-ltalh 
at  37'6',  tnnl  vculilaiitm  vrna  canlimied  for  tliirlj-fivc  mumlca  Wfore  ibc 
Grsl  pitriuil ;  Ihn  ji>u]ig  pigeun  was  in  the  vtriiibiiL-ii  i^iiiiinber  wilh  ihe 
wjitpr-hnLh  ut  ^H'S"  (or  twenty-tive  eiihuU'b  btfore  tlie  firBt  penorf. 
The  pc^riodfl  are  oonEecvitivo,  a.iid  each  Ji^tertJiiuatioa  <>£  thu  output  of 
cjirbon  dioj^idc  it  tos  Mu^n  niinutcsH 


The  pmctica,[  LtitereBt  of  the  evolution  of  tbe  warn^bloodcd 
animal  Ih  centred  In  iulants.  Ob&crvatir^ua  made  by  Bftb^ik  upon 
the  respiratory  exchange  and  the  production  of  heat  in  infanta 
hftvc  shown  that  the  power  of  regulftting  tsrapcraturo  ia  imper- 
fectly developed  in  the  newly  botn.  The  regulation  ol  the  loaa 
of  heat  is  im|ierfi>nt,  and  ita  deSriency  in  clearly  shown  if  the  infant 
be  insiiffit-ieiitly  dot)ieii,  when  it  ia  exposed  even  to  moderate 
cold ;  the  regulation  of  the  production  of  heat  by  variations  m 
the  combustion  is  also  inadf^qnate,  and  oniy  within  narrow  limita 
can  the  newly  born  child  respond  to  cliangoa  of  estemal  tempera- 
ture in  a  manner  similar  to  that  exhibited  by  the  adult.  Man^ 
premature  infanta  have  been  reared  by  proper  attention  to  the 
tempcratiire  of  their  surroundings  ;  the  znoro  premature  and  weak 
the  more  nearly  do  they  reseuiblQ  cold-blooded  animals  in  their 
inability  to  regulate  thair  tcmporaturo.  Tbe  heat  of  their  bodies 
and  their  respiratory  ejtebange  vary  with  and  in  the  same  direction 
as  the  esternal  temperature.  Cold,  even  n^ode^ate  cold,  to  such 
premuture  or  weakly  Infants  is  not  a  atimnlant  but  a  depressant, 
for  they  can  Tegulatfi  neither  the  lose  noi  the  production  of 
heat. 

Tbu<  it  hEis  bccD  possible  to  trace  the  evolution  of  the  wann- 
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blooded  animal  by  a  fltudy  of  the  wspons/^  of  different  itnimala 
to  changes  io  the  temperature  of  their  surroundings ;  tlie  cgn- 
ae<juent  variationa  in  the  respiratory  exL^hange  iudicale  the 
changes  in  the  production  of  heatn  Several  intcrestiog  qiies- 
tionfl  now  arise.  What  nrc  the  relative  advantapea  of  the 
diflerent  effecta  produced  by  changea  in  external  temperature 
npon  the  respiratory  exchange  of  warm-bloodi^d  and  cold-bloodi^ 
animals  during  their  striiggle  for  existence  ?  Is  it  pueaible  to 
reduce  the  warm-blooded  animal  to  the  condittoQ  of  a  cold* 
Wooded  one  ? 

Jt  has  already  been  shown  that  lire^  both  animal  and  ve^tabk, 
is  accompanied  by  constant  chemical  chauge,  the  production  of 
beat  and  gaseous  in  ten  change.  The  living  tisanes  rei^ulre  a  high 
internal  teaiperat;ire  for  the  proper  mani floatation  of  their  acti- 
vities ;  the  warm-blooded  arumEtb  maiittain  this  favourable  cod- 
dition^  an  optimum  tompemtuie,  by  a  constant  struggle  against 
cold  and  heat :  the  cold-blooded  animais  have  not  acquired  this 
jujwer,  ami  within  certain  limitH  the  activity  of  their  tiasues  is 
determined  by  the  external  temperature.  Both  of  theae  conditlona 
are  advantageous  to  the  respective  groups  of  animals  in  the 
struggle  for  existence  :  tho  warm-btoodcd  animals  are  able  to 
live  a  more  ardent  Lfe^  uubroken  by  long  periods  of  inactivity 
or  torpor,  and  within  wide  liniita  are  independent  of  the  tempera- 
ture of  theJr  aurrnnndingfl-  The  tionstant  exercise  of  the  different 
organs  of  the  body,  esp«cial!y  during  the  search  for  foi>d  iji  cold 
weather,  leads  to  a  greater  development  of  the  nervous  S5'3tem 
and  intelligence.  The  cold-blooded  animal,  on  the  other  hand, 
depends  for  its  food  supply  upon  the  external  temperature  ;  a 
period  of  torpidity  with  the  activities  of  its  tissues  rt^iiuc^ed  to  the 
lowest  ebb  consistent  with  the  retention  of  life  tides  it  over  the 
cold  winter  months,  when  food  is  scarce,  and  prolongs  its  life 
beyond  one  brief  summer,  It  has  already  been  mentioned  that 
even  some  of  the  mammals,  hibernating  animals  eueli  aa  the 
marmot,  hedgehog,  dormouse,  and  bat,  have  retained  this  anepstral 
characteristic  for  their  better  prenervation  in  the  straggle  for 
existence. 

Tbc  intensity  of  life  \e  dependent  npon  a  high  and  constant 
temperature,  and  the  power  to  maintain  thia  temperature  is  asso- 
ciated chiefly  with  the  control  of  the  nervoua  Bystcm  over  the 
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skelet&l  muBolee  &nd  the  mufioles  of  tho  blcod- vessels.  Dunng 
natural  sleep,  when  nervous  and  musculsr  activitj^  are  at  tlieir 
loweatf  the  respiratory  exchange  and  temperature  fall;  during 
muacular  exerciHC  they  rise.  The  maans  wtereby  the  power  of 
regulating  temperature  can  be  dimioiflhed,  anspended,  or  abolished 
arc  those  wliich  lessen  oc  interrupt  the  influence  of  the  neiA'oua 
system  upon  the  musclefli  both  voluntary  and  involuntary.  The 
experience  oJ  Aretie,  explorers  and  Alpine  elioibers  shows  that 
the  weary  traveller,  who  gives  way  to  the  imperative  desire  to 
sleep  upon  the  liiie  o£  march*  ifl  doomed  to  death.  During  the 
deep  sleep  which  follows  inteuae  fatigue,  the  sonsibihty  of  the 
nervous  system  is  ho  greatly  reduced  that  the  respouBO  to  cold 
ceases  ;  the  nnconaeionaneaa  of  sjeep  gradually  passea  into  a  condi- 
tion of  paralysis  and  the  man  dies,  "  froaen  to  death/*  it  is  said, 
but  in  reality  killed  long  before  his  temperature  falls  to  zero.  The 
activities  of  the  tisauea,  once  the  nervoua  control  is  lost,  are 
reduced  by  the  cold  ;  chemieot  change  and  the  production  of  heat 
become  less  and  less^  until  an  internal  temperature  about  2^  is 
reached,  when  life  ceases.  During  such  marehea  the  desire  to 
uleep  and  the  efTectpS  of  cold  must  be  resisted  by  forced,  activity 
and  increased  production  of  heat  until  shelter  and  arti^cial  heat 
can  be  obtain  edn 

In  deep  aniEfltheMa  produced  by  chlorofoixut  ether^  or  other 
drugs  the  activities  of  the  body  are  ao  profoundly  depressed  that 
the  regulation  of  temperature  is  auspended  ■  the  production  of 
heat  is  greatly  iliministed,  and  the  aniniQ],  If  it  be  exposed  even 
to  moderate  cold,  will  rapidly  cool.  An  onffisthetiaed  mammal  or 
bird  is  in  many  reepecta  comparable  to  a  cold-blooded  animal. 
The  influence  of  the  anisathetic  is  manifested  especjally  on  the 
central  nervom  system;  Henaationa  of  hsat  and  cold  no  longer 
ariac,  or  shotdd  they  ariae  no  longer  produce  reflejJy  decreased 
or  increased  activity  of  the  skeletal  musclea  and  the  mnaclea  of 
the  blood'Veaaob ;  control  ia  therefore  loat  over  both  production 
and  loss  of  heat.  The  temperature  of  anEOsthetised  animals  will 
fail  to  22^  when  they  are  espoaed  to  cold,  and  the  cold  rather  than 
the  drug  brings  about  a  fatal  issun.  The  respiratory  exchange  of 
an  anpealhetiHcd  niamnial  ia  increa&eJ  by  a  riae,  diminished  by 
a  full  in  external  temperatureH  Thia  may  be  illustrated  by  the 
following  details  of  an  experiment  upon  a  mouse. 
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The  prarticfl]  importance  of  the  influence  of  aDsesthetics  upon 
the  regulation,  of  temperature  ia  now  recognised  by  many  Burgeons. 
An  tinEcsthettsed  psitient  during  &T)d  after  a  long  operation  should 
be  protected  from  expoenre  even  to  moderate  cold,  and  his 
temperature  should  be  maintamed  by  external  ecurcea  of  heat, 
ancii  8S  warm  wat*f -bottles,  Druga  which  prf>duce  profound  an- 
aesthesia can  never  be  considered  harmJe&s  :  it  ia,  indeed,  probable 
that  the  recovery  of  patients  from  the  eSecta  of  operations  is  fre- 
quently retarded  or  prevented  by  the  depressing  influence  of  the 
anaoGthotic,  whereby  th(^  combuetion  of  the  bodf.  one  of  tha  moet 
characteristic  signs  of  life,  haa  been  so  greatly  diminished,  and  for 
a  time  at  least  haa  been  removed  from  the  control  of  the  nervous 
ajBtem.  Pain  U  a  natnral  safeguard,  and  brings  about  appro- 
priate responses  to  Bensationa  which  are  too  often  quenched  by 
an  anfcsthctic.  Animals  and  savages  rapidly  recover  from  si^.nous 
wounds  or  operations,  although  no  drug  is  used  to  deaden  the 
pain,  and  civilised  man  does  not  succeed  in  abolishing  pain  even 
during  opt^rations  without,  paying  a  daily  toll  in  human  lives. 

The  normal  response  of  a  warm-blooded  animal  to  change-a  of 
cstemal  temperature  can  also  be  abolished  by  curare  or  section 
of  the  spinal  cord,  whereby  the  central  contrul  of  the  muselea  is 
removed. 

After  the  eonsideratioTi  of  these  abnormal  conditions,  which 
demonstrate  so  cleaily  that  the  effect  of  external  temperature 
upon  the  respiratory  exchange  is  bound  up  with  the  regulation  of 
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temperature  and  the  control  of  the  nervous  sygtem  over  the 
muscl&s,  it  is  iieccsaary  to  discuss  the  question  in  special  reference 
to  man  under  natural  condition^^  Ove.r  all  animab  man  m  supreme 
in  his  power  of  {Ldaptuig  himself  to  hia  surroundingB  or  changing 
his  siuToundinga  to  suJt  his  needs;  he  can  live  either  in  the  arctic 
regions  or  in  the  tropica,  ior  by  means  of  appropriate  clotting  he  can 
readily  i^iLtrol  his  loss  of  heat.  Even  unclothed  a  man  can  com- 
pensate for  considerable  changes  of  external  temperature,  and  this 
he  effects  by  altering  both  his  loaa  and  production  of  heat.  Upon 
the  relative  parts  playod  by  the  physical  and  chemical  methods  of 
regulation  there  has  been  much  debate,  Loewy  concludes  from  the 
results  of  fifty-five  eKperitnenU  upon  sixteen  men  that  the  only 
involuntary  regulation  of  temperature  in  a  man  exposed  to  moderate 
cold  is  effected  by  changes  in  the  vascularity  of  the  skin  ;  he  found 
that  the  rcapiratory  excliango  was  unaltered  in  twenty  expcrimenta, 
diminished  in  nine,  and  increased  in  twenty-aix ;  in  the  last  aeries 
the  increase  varied  from  '»  to  ftOS  per  cent,  above  the  normal, 
It  la  noteworthy  that  the  greatest  increase  in  the  gaseous  exchange 
was  observed  in  the  men  who  shivered  or  moved,  when  they  felt 
cold,  whereaa  no  increase  or  even  a  dcereoae  occurred  m  those 
who  remained  (|uiet,  and  by  an  effort  of  the  will  suppressed  any 
inclination  to  move  or  aluver.  This  result  has  been  con&nned 
by  Johansson.  It  must  not  be  thotight,  however,  that  man  is 
an  exception  to  the  general  role  that  warm-blooded  animala  in 
cold  surroundings  increase,  in  warm  surroundinga  diminish,  their 
respiratory  exchange  and  production  of  heat.  I'he  normal  effect 
of  cold  is  increased  muscular  activity ;  this  is  within  the  experi- 
enc^  of  every  inhabitant  of  a  temperate  chmute.  The  increased 
muscular  activity  is  uot  necessarily  brought  about  by  a  conscious 
effort  of  the  will;  it  is  to  a  great  extent  produced  leflexlj.  A 
man  works  more  enerp;etically  when  the  external  temperature  ia 
low,  and,  if  he  be  obliged  to  remain  inactive^  the  reflex  effect  of 
cold  may  be  so  great  as  to  produce  shivering,  forcible  involuntary 
movements  which  are  accompanied  by  a  great  increase  in  the 
respiratory  exchange  and  production  of  heat, 

ObsorvationB  upon  both  man  and  animals  appear  to  show  that 
a  very  high  external  temperature  will  increase  the  respiratory 
exchange :  tlie  limits  of  regulation  are  api>arently  exceeded,  the 
tissues  are  abnormally  heated  and  respond  with  increased  respiratory 
exchange.     A  condition  in  many  respects  similar  is  found  in  fever. 


EFFECT  OF  EXTERNAL  TEMPERATURE        515 


The  influence  of  climate  upon  the  rrapirfttory  exchange  is  duo 
not  to  the  temperature  alone,  but  alec  to  other  factora^  fiuch  aa 
moisture  and  wind.  The  capacity  of  dry  air  to  take  up  heat  is 
much  less  than  that  of  moist  &ir ;  hence  it  happens  that  in  dry, 
calm  air  several  degrees  l>elow  ierto  the  Hermation  of  cold  may  be 
much  leMH  than  that  felt,  in  moist  air  with  a  temperature  a  few 
degrees  aboTe  the  freezing  point.  On  the  other  hand,  a  hot  moiat 
atmosphere^  by  preventing  the  evaporation  of  sweaty  produces  a 
more  marked  feeling  of  heat  than  dry  tkir  at  the  same  temperature. 
The  more  stationary  the  cool  air  is,  the  leas  the  loss  of  heat,  for 
the  body  becomes  surrounded  with  a  layer  of  mt  whinb  ia  warmer 
than  that  of  the  atmosphere.  Betwet-n  th«  clothing  of  a  man  and 
the  lur  or  feathera  oE  an  animal  strata  of  air  arc  cncloBcd,  the 
temperature  of  which  frradually  iticrcaaca  above  the  outside  air, 
untit  the  layer  in  actual  contact  with  the  greater  part  of  the  body 
ia  24^  to  30'^.  A  ctild  wind  quickly  reduces  the  temperature  of 
these  diEerent  JayerB.  The  sarlora  of  Parry's  expedition  to  the 
Polar  Seas  found  that  when  the  air  was  perfectly  calm  they  could 
bear  better  integae  cold,  —  40°,  which  would  freeao  mercury,  than 
a  temperature  of  —  I3"2°,  when  there  was  a  wind. 

The  depressing  effects  of  hot  moist  climates  are  well  known. 
Euro-loan  children  languish  in  hot  humtd  climatee,  but  rapidly 
irapfove  in  health  in  the  cooler  bill-country  or  in  England-  Cold 
incrcasea  their  respiratory  exchange,  general  nietaboliBm,  and 
activity,  and  is  favourable  to  a  vigoroue  and  sturdy  growth.  The 
soccesa  also  of  the  open-air  treatment  of  phthisical  patients  de- 
pends, it  would  seem,  not  so  much  upon  any  greater  purity  of  the 
air,  aa  upon  free  exposure  ;  the  open  air  and  exerci^^  mcreaae  the 
combuatioQ  and  reapiratory  eichange,  improve  the  appetite,  and 
augment  the  metaboliem.  A  slightly  greater  pressure  of  oxygen 
in  the  atmoBphero  is  not  the  important  factor^  for  in  many  of  tha 
health  resorts  it  i«,  owing  to  the  altitude,  lesa  than  the  normal,  and 
actual  experinienta  upon  men  and  animals  show  that  small  changes 
have  little  or  no  efiect :  a  high  percentage  of  carbon  dioxide  ia 
in  iteeU  no  striot  indication  of  an  unhealthy  city  or  dwclhng,  it  ia 
a  sign  that  there  ia  no  free  ventilation,  and  therefore  a  tendency 
(or  the  air  to  become  stagnant,  humid,  and  warm.  It  would  even 
appear  that  the  numljer  of  bacteria  affords  no  certalu  teat  of  the 
purity  of  air.  Evidence  steadily  aeeumulates  to  allow  that  the 
bad  ejects  of  overcrowded  rooms  are  due,  not  to  diminished 
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oiygen,  not  to  an  increafie  of  carbon  dioxide,  not  to  any  toxin 

diacbargtd  {com  the  liuiimii  body,  but  to  the  absence  of  irce  ven- 
tilation, to  the  warm  and  hiunid  atmosphere,  which  reducea  the 
respiratory  cxcbanE^  and  mctabohnm  of  the  inmates  and  renders 
them  less  reaistant  to  the  attacks  of  mi  oro- organ  is  ma.  The  danger 
to  health  appeal's  to  Ue  in  the  mailing  oi  namerona  dweUings  upon 
a  small  area,  which,  owing  to  the  exigende^  of  wat«r  supply,  is 
often  Bituated  in  a  vallev  i  there  are  doubtless  many  other  factors, 
but  temperature,  moisture,  and  wind  are  the  ones  which  have  a 
marked  effect  upon  reapjratory  exchange. 

The  power  of  adaptation  must  not  be  overlooked.  It  ia  known 
that  men  and  ammaU  b*e«me  "seasoned"  after  hving  for  §ome 
time  in  a  climate  very  diiTerent  from  that  in  which  they  were  bred^ 
Thia  has  alao  been  proved  by  experiments  upon  the  reepiratory 
escehaDge  ;  the  first  marked  change  oE  weather  is  the  mo^t  felt, 
and  produces  the  greatest  efiect  upon  the  respiratory  exchange. 
The  body  by  practice  improves  its  power  of  regulating  its  tempera- 
ture on  eijHJHure  Ut  heat  and  cohl,  and  thus  the  phyaiologicai 
retiistauce  to  changes  of  temperature  can  be  maintained  by  train- 
ing. The  idea  that  the  danger  of  "colds*'  can  be  warded  off  by 
the  maintenance  of  an  equable  temperature  in  hving-rooms  and 
bedrooma  is  widely  prevalent,  but  13  erroneous,  and  in  practice 
leads  to  deterioration  and  defeats  itN  own  aim.  Weaklings  and 
debilitated  aubjects  need  artificial  conditions;  but  rules  of  health 
should  be  directed  to  the  survival  of  the  fit.  not  of  the  unfit. 

f^j^ckange  of  Gases  between  the  Blood  and  Air. — The  gaseous 
exeheinge  which  la  in  constant  progress  between  the  blood  and 
the  air  may  be  studied  in  two  w^ays  :  the  ehaEiges  in  the  compoai- 
tion  of  either  the  hlo<]d  or  the  air  during  it^  pasi^age  through  the 
Jungs  may  be  determined.  The  former  method  involves  a  com- 
parison of  the  gases  in  the  venous  blood  of  the  right  eide  of  the 
heart  with  the  gases  of  the  arterial  blood,  the  latter  method  com- 
prises qualitative  and  quantitative  analyses  of  the  inapired  and 
expired  air-  The  data  so  obtained  give  the  gross  results,  but  do 
not  yield  infcmiatioii  upon  the  iniportaEit  cjuc&tioua  how  and  why 
the  gaaeous  interchange  occurs.  The  air  which  is  in  contact  vnth. 
the  opitheUum  covering  the  pulmonary  capillaries  baa  not  the 
composition  of  the  inspired  air,  for  owing  to  the  exchange  of  gases 
it  is  poorer  in  oxygen,  richer  iu  carbon  dioxide,  and  saturated  with 
aqueous  vapour  at  the  temperature  of  the  hoily  ;    nor  haa  it  the 
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compoaition  of  the  expired  air.  for  the  latter  contains  much  air 
from  the  **  dead  apace  "  of  the  respiiatcry  tract  together  with 
alveolar  air.  It  la  necessary'  to  tnow  tbe  composition  of  thia 
alveolar  air,  and  thus  ascertain  th&  pressures  of  oxygen,  carbon 
dioxide,  and  nitrogen,  to  which  the  blood  liaa  been  expoaed.  Like- 
wise in  the  caae  of  the  blood,  bath  arterial  and  venous,  it  is  not 
only  necGflsary  to  determine  the  quahty  but  also  the  preasuro, 
or,  as  it  ia  often  called,  the  tenaion,  of  its  several  gases.  la  the 
ptessuro  of  osgyen  in  the  venous  blood  leas  than  that  of  the  oxygen 
in  the  alveolur  air  ?  Tb  the  pressure  of  carbon  diuxide  in  the  venous 
blood  greater  than  that  of  the  carbon  dioxide  in  the  alveolar  airl 
These  arc  important  queations.  which  at  present  cannot  be  definitely 
anfiwerad-  Some  observers  maintain  that  the  respoetive  pressures 
are  such,  that  according  to  physical  and  chemical  laws  oxygen 
must  pass  into,  and  carbon  dioxide  out  of,  the  venous  blood  in 
the  lungs ;  others  a»  strongly  insist  that  the  presaare  of  oiygen 
in  the  blood  is  above,  and  that  of  carbon  dioxide  below,  the 
presaurea  of  the  corresponding  gases  in  the  air  of  the  pulmonary 
alveoli.  The  former  find  a  su^eient  explanation  of  the  gaseous 
exchan^  in  ordinary  phyaical  and  chemical  processea ;  the  latter 
regard  the  exchange  as  a  special  physiological  proce^,  a  secretion 
of  gafli  which  cannot  be  explained  by  oiu:  present  knowledge  of 
phyaica  and  chemistry.  Around  this  subject  has  been  and  still  is 
waged  the  contest  between  the  Mechanical  and  Vitahetic  Schoob 
of  Physiology-  Before  an  attempt  is  made  to  discuss  this  difHcult 
question,  it  will  be  nec^essary  to  consider  the  simple  qualitative 
results  of  the  atialyses  of  the  gasea  of  venous  and  arterial  blood, 

Gaaea  of  the  Blood-— The  prcsetLce  of  gases  in  the  blood  was 
first  demonstrated  in  iti.Sti  by  Boylsj  who  found  that  fresh  deftbrin- 
ated  blood  gave  oO  bubbles  of  gas  when  it  was  exposed  to  the 
vacuum  of  an  air-pump.  The  importance  of  this  experiment  waa 
grasped  by  Mayuw,  who  ponsidcred  the  gas  t-o  be  nitro-aerial  gas, 
that  is,  the  gas  now  known  as  oxygea.  The  next  advance  was  made 
by  Priestley  about  the  year  1776  ;  he  noticed  that  blood  placed  in 
an  atmosphere  of  hydrogen  or  nitro^^en  gave  off  oxygen.  A  few 
years  lat&r  the  question,  whether  the  blood  did  or  did  not  contain 
gas,  became  the  subject  of  many  eKi>eriments  and  much  debate  ; 
some  obfler\'erfi,  among  whom  may  be  mentioned  Humphry  Davy 
and  his  brother,  Jolm  Davy,  obtained  carbon  dioxide  and  oxygen 
or  carbon  dioxide  alone  i    others  could  find  no  gaa.    Tbe  contra- 
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dictoTy  nature  of  the  reeulta  of  different  observers  so  impressed  the 
celebrated  i^hyaiologist  Johannes  Mullfir  that  he  felt  obliged  to 
make  experiiiieMta  hrmaelf.  before  h*!  exprpriwd  an  oplmon  upon 
the  question,  Tlie  results  of  his  experiments  were  uofortunate, 
for  he«  the  leading;  physiologist  of  hiB  time,  con£rracd  the  negative 
results  o£  other  obaervera.  He  foujid  that  amphibia  could  produce 
carbon  dioxide  in  an  atmosphere  free  from  oxygen  ;  blood  ahjiken 
up  with  air  would  yield  carbon  dioxide,  but  vcdolu  blood  itself 
contained  no  carbon  dioxide.  So  great  were  the  diflicultiea  to 
explain,  that  MiilLer  considered  tbat  no  aatiafactory  theory  of 
respiration  could  be  advanced ;  the  carbon  dioxide  might  be 
Eeer^t^  from  the  lungs  and  akin,  but  the  puzzle  remained,  and 
waa  only  to  be  solved  by  further  experimertB.  Such  was  the 
poaition  when  the  second  edition  of  Miiller'a  H'uidbfick  der 
rhffMQli^U  wofl  published  in  183&.  Two  years  later  Magnus 
ahowcd  that,  with  improved  methods  for  the  extraction  of  gaa, 
carbon  dioxide,  oxygen,  and  nitrogen  could  be  obtained  from 
blood. 

The  perf^tion  of  the  gas-pump  waa  necessary,  and  great 
advances  were  made  when  Ludwig  and  Setschenow,  Pfliiger,  and 
Uelmholt^  ooDstructed  their  mercurial  gaa-pumpsi  based  upon  the 
principle  of  the  Torricellian  vacuum.  Such  gns-pumpB,  or  modi- 
fications of  the  same,  are  now  uaed  for  the  extraction  of  the  gases 
of  the  biood  ;  their  conatruction  and  use  will  not  be  described 
here,  only  the  principles  involved  neetl  be  mentioned.  The  libera- 
tion of  the  gases  present  in  the  blood  in  a  state  of  simple  solution 
otid  the  dififlociation  of  those  which  arc  in  loose  chemical  combixia- 
tion  can  be  beat  effected  by  exposure  to  a  vacuum,  by  wamung 
and  shaking  the  blood  ;  the  liberation  of  the  carbon  dioxide  can 
be  facilitated  by  the  addition  of  a  weak  acid.  Three  other  methods 
require  mentioD  here,  for  the  reactions  involved  will  be  shown 
later  to  be  of  great  importance  in  connection  with  the  nature  ol 
tbe  combinations  in  which  the  gases  exiiit  in  the  bloods  Fcmet 
found  that  the  gases  in  blood  can  be  extracted  by  the  paoaage  of 
a  stream  of  hydrogen  and  the  aid  of  a  vacuum  ;  Claude  Bernard 
diflcovered  that,  when  blood  is  shaken  with  double  its  volume  of 
carbon  monoxide,  the  oxygen  is  driven  out  from  its  combination 
with  hfemoglohin.  owing  to  the  stronger  affinity  and  the  mass 
influence  of  the  carbon  monoxide  ;  and  Haldane(''}  has  introdiicdd 
thB   femcyanide   method,   whereby   a    rapid   and   accurate   detei^ 
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miiiation  of  the  volume  cf  oxygeii  or  carbon  monoxide,  wliicli  the 
hiomoglobiij  of  blood  can  absorb,  can  Le  made  without  the  aid 
of  &  gaH'pump  ;  the  method  is  baaed  upon  the  reaction  of  ferri- 
cyanide  with  flolutiona  of  oxy-hicmoglobio  or  carbon  monoxide 
hffiinoglctbin^  the  oombiriE^  gaa  i^^  set  free  and.  metha?inog1obin 
ia  formed. 

The  most  important  analyses  of  the  gases  oi  blood  must  now 
be  exaniinc^d ;  in  the  &rst  place^  those  of  the  venous  blood  which 
is  paaaing  to  the  lungs.  The  venous  blood  ia  liable  to  marked 
differences  in  its  gaseous  contents,  according  to  the  nature  and 
condition  of  the  organs  of  the  body  from  which  it  ib  received ; 
it  is  therefore  only  possible  to  obtain  results  which  are  directly 
appUcabIc  to  the  question  of  the  c^ichange  of  gases  in  the  lungs, 
when  the  analysed  are  performed  upon  samples  of  blood  removed 
from  the  right  ventricle  of  the  heart.  Such  samples  can  be 
obtained  by  pHsaing  a  catheter  from  the  right  estemal  jugular 
vein  through  the  right  auritle  and  into  the  right  ventriclep 

TLe  folJowing  table  (aee  p.  520)  givea  the  results  of  analyses  of 
simultaneous  Gamples  of  venous  blood  from  the  right  ventricie 
and  arterial  blood-  The  figures  represent  the  volumes  of  gad 
in  100  c.c,  of  blood,  and  thoae  in  brackets  the  maximal  ana 
minimal  vahies  of  several  analyses. 

An  examination  of  the  table  shows  that  there  are  considerable 
variations  in  the  percentage  volumes  of  gas ;  tbua  in  the  case  oE 
doga  the  oxygen  of  the  vcnoua  blood  varies  from  5  5  to  17^3,  the 
carbon  dioxide  from  24-0C  to  61-08,  and  the  oxygen  of  the  arterial 
blood  from  15-0  to  256,  the  carbon  dioxide  from  30'(>5  to  47'33. 
The  range  is  greAber  in  the  venous  than  in  the  arterial  blood  ; 
this  result  would  be  expectedn  for  the  compoaitJon  of  the  mixed 
venous  blood  of  the  right  eido  of  the  heart  is  hable  to  variations 
according  to  the  activity  of  the  muscles  atid  glands  of  the  body 
and  the  di3erent  distribution  of  blood  in  the  various  organs. 
Other  causes  of  the  variations  ace  to  be  sought  tn  individual  difTer- 
ences  and  in  enora  of  experiment.  It  la  impossible  to  obtam  two 
animals  in  exactly  the  same  condition,  and  it  is  very  difficult, 
except  with  the  moat  perfect  gafl-pumpa,  to  avoid  some  dilution 
of  the  blood-gases  with  air.  This  error  shows  itself  in  the  figures 
for  the  amount  of  nitnigen  rontaJnpd  in  the  blooil,  and  in  corrected 
by  many  obaervers  in  the  following  way.  As  th&  basis  of  correc- 
tion, it  IS  assumed  that  blood  holds  io  solution  a  similar  volume 
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of  nitrogeti  to  that  absorbed  b^  water ;    say  marked  excess  in 
the  gas  extracted  by  the  pump  is  to  be  attributed  t€  a  leakage 
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of  air.  and  a  proportionate  reduction  ia  made  in  the  volumes  of 
nitrogen  and  oxygen  obtained  from  the  blood      This  correction 
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is  not  quite  exact,  for  the  evperimentH  m&de  by  Bolir  aod 
Henriquea  aUow  tliat  bluod  abaorba  a  little  more  nitrog«n  ;  about 
12  volumea  per  c&ot.  are  the  total  aiuoLint  found,  ia  both  venous 
ftoU  arterial  blood.  A  further  important  point  m  the  coneidcta- 
tion  of  the  variations  in  the  carbon  dioxide  atid  oxygen  is  the 
time  which  elapaea  b<>tweeii  the  removal  of  the  blood  from  the 
aiiimul  and  the  completion  of  the  extraction  of  the  ga*ies-  Pfliiger 
found  by  comparative  eiperiments  with  a  large  vacuum  that  the 
ordinary  methods  for  the  estractior^  oE  gasea  give  resulta  whioh 
are  for  the  oxygen  too  low,  for  the  carbon  dioxide  too  hiph.  This 
is  due  to  the  fact  that  the  blood  is  a  living  tiaaue  which  conaumeB 
oxygen  and  produces  carbon  dioxide  ;  owing  to  this  cauae  blood 
kept  from  contact  with  the  air  rapidly  becomija  darker  in  colour, 
cveu  when  no  putrefactive  changes  have  occttrre4- 

In  addition  to  osygen,  etu-bon  dioxide,  and  nitrogen,  there  are  in 
blood  traces  of  argon,  carbon  monoxide,  hydrogen,  and  marab-gaa ; 
the  source  of  the  first  and  second  is  probably  the  inspired  air,  for 
ainall  qttantities  of  carbon  monoxide  are  found  in  the  air  of  large 
cities,  where  a  large  conaumption  of  coal  and  gas  occurs ;  the 
fermentation  prmliiced  by  bacteria  in  the  food  of  the  alimentary 
canal  ia  to  be  regarded  as  the  source  of  the  hydrogen  and  marsh-gaa. 

It  is  convenient  to  take  the  following  figures  aa  the  average 
values  of  the  gases  of  the  arterial  and  venous  bluod. 

Articrifll  blood' — Oxygen,  20  ;  ffirhon  dioxide,  4S  ;  nitrogen, 

1'2  TolumBH  per  cent. 
TeiiouN  blood — Oxyg&n,  12;  carbon  dioxide,  50;  niti^en, 

1-2  volumes  per  cent. 


The  roBpirutory  quotient  obiained  therefrom  ie 
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0-97. 


The  narture  of  the  cocnection  between  the  blood  and  its 
g-ases  must  now  be  considered,  for  the  blood  is  very  complex,  and 
ita  gaseJi  are  distributed  in  both  plasma  and  corpusolea.  A  neces- 
sary preliminary  to  the  study  of  thia  question  is  a  knowledge  of 
the  principles  which  undcrLe  the  investigation  of  gases,  whether 
they  be  free,  in  solution^  or  in  chemical  combination.  There  are 
certain  well-known  lava.  Dalton's  Law  : — In  u  mtrtttrc  of  se^'eral 
gtutf^  vL'hirh  hni^  jit)  rhemiivd  ao/wm  ujmm  tt^  anutliffT,  thf!  ptessure 
o/  the  mixture  ie  <rqutil  to  Cfie  sum  of  the  jtrrsffures  of  the  different 
gaseSt  mch  being  considered  as  atone  oeouptfing  tltc  toUd  volvmc 
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FurtherTtwrc  when  several  gasf^  are  in  couiact  mt/i  a  liquid^  tech 
is  disjtolifed  as  if  it  alone  acre  preseiU.  All  gases  exhibit  a  tendency 
to  expttndn  and  thus  oscrt  prrasuro  againet  the  vessels  in  which 
they  are  confined.  This  property  was  investigated  by  Boyle  and 
Mariotle,  who  indepeEkdently  estabLfthed  Use  law  that  the  jtresfure 
of  a  gntt  lytiries  invrrjselif  as  the  voluine.  provided  that  the  temperature 
renutitt-  constant.  As  the  density  of  a  gaa  also  varies  inversely 
as  the  volumef  the  law  may  be  expressed  in  other  words  by  Baying 
that  at  the  8a*ne  tempertUtire  the  denettif  of  a  ^as  \.>arie&  directly  as 
the  pressure.  This  law  is  not  an  absolutely  rigid  one,  for  gasea 
possess  uiiet|iial  noinpr«<aibility.  Another  iiniwrtant  law  is  Henry's 
Law  of  the  fiulutiDEi  of  gases  in  hquida.  In  a  gase&us  solutiim  in 
ffptilibritim  tit  a  givtn  tetnperaiuTC  there  exists  a  const<int  relation 
hiwecn  fhv  prcsniirf  oj  the  gas  dissolved  and  tka  prenBure  of  the  gas 
outsidt!  the  Uquid.  When  the  fluid  poMesses  no  chemical  attraction 
for  the  ga»,  the  amount  of  gaa  Absorbed  depends  directly  upon  the 
pre*4iire.  On  the  other  hand^  when  the  linuid  [jossesaes  a  cheniical 
attraction  for  the  gafl,  the  amount  of  gaa  absorbed  depends  upon 
the  pressure,  but  there  is  uo  regular  proportion  between  the  volume 
of  the  pas  absorbed  and  the  pressure.  This  law  is  not  absolute, 
Afl  a  general  rule  the  solubility  cf  a  gas  in  a  liquid  diminishes 
when  the  tenvperature  is  raised^  Gases  vary  in  their  reafiective 
sotubilitieH  in  different  liquiila.  The  uoef5icirnt  of  absorption  of  a 
gaa  is  the  volume  of  pas  reduced  to  0"  and  760  mm.  which  unit 
volume  of  the  hquid  under  a  pressure  of  760  mm.  will  absorb.  The 
following  table  is  given  by  Bohr  for  the  coefficient  of  absorption 

!in  water  of  the  gases  most  in^portaikl  in  physiologica]  queatiijna. 
The  following  example  will  expLiin  the  use  cf  the  above  data, 
A  hundred  ciibic  rentimebres  of  water  are  shaken  until  they  are 
saturated  with  atmospheric  air  at  -30^  ;  the  amount  of  gas  absorbed 
t  IB  to  be  calculated  as  follows.    The  percentage  composition  of  the 
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air  ia  79  volumes  of  nitrogen.  3096  of  oxygen,  and  004  of  i^rLoii 
dioxide ;  the  total  pressure  ia  760  mm.  'IKg  tension  of  aqueous 
vapour  at  30°  is  315  mm.,  and  muBt  bo  deducted  from  the  total 
preMTire,  T60  — 31.5  =  728,5  mm.  Tbe  partial  presaure  (p)  of  eacb 
gas  is  09  rollowB  : — 

Ox>gen  =  728-5  x  ^?^=  153'T  mra. 

79 
Nitrogen -72e'Ex  |^  =  676'5  mm. 

Carbon  dioxide  =  72fr.5¥  f7i7r  =  0'3  mm. 

The  nbsoi'lieil  gan  (/j)  ik  cnli^uliil^  acMrdtng  to  the  formula: — 

a.h.p 

in  whicb  A  =  ICO  and  a  =  coefficient  of  absorption  given  in  the  above 
Uible  foL-  30° ;  thus  the  amouut  of  ux^^en  absorbed  is 

O02G2<100>  152-7     „  ..^.     „ 

The  totiil  amouiita  are  : — 

.  O'Saa  a.o. 
.  1-045  c,c. 
.     0-025  D,c. 


OjrygfiD  in  100  o.tf.  of  water 
Nitrogeu  ia  100  c.c.  of  water    , 
Carbon  dioxide  in  LOO  c^o,  of  water  , 


The  absorption  coeffictenta  of  the  different  conatituenta  of 
blood  can  be  determined  by  diwct  experiment  only  in  tlie  case 
of  those  paaea  which  form  no  chemical  combinationa  with  onv  of 
the  constituetita.  The  data  for  nitrogen  in  all  easea  and  for  oxygen 
in  the  plasma  e^n  be  determined  directly,  but  not  for  oxygen  and 
carbDii  dioxide  in  ibe  blood  or  for  carbon  dioxidft  in  the  plasma. 
In  these  latter  cases  Bohr  has  calculated  the  ooeSicient'S  indirectly 
from  the  absorption  of  indi^erent  gases,  such  as  oxygen  and 
nitrogen  in  the  c&£e  of  the  plasma  and  hydrogen  in  the  caae  of 
blood.     The  following  are  the  respective  values  given  by  Bohr. 
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In  the  case  tyi  liquids  oontaming  aab5tan(^^A  which  form  l(x>ae 
chemical  comhiiiatioii&  with  gaees,  ths  relation  o£  pressure  to  the 
gai  absorbed  is  frequently  expressed  by  a^  curve  m  which  the 
ftbaeisHa  repr^^s^nt-B  the  preasuTes  and  the  ordinates  the  amounts 
of  gas  taken  up  by  the  fluid-  Under  the  ordinary  pr^asure  of 
oxygen  in  the  atmosphere  htemoglobin  readily  combines  with 
oxygen,  but.  if  the  external  prcasure  be  lowered  aiifficiently,  oxygon 
id  given  off,  the  oxy-hmmoglohin  undergoing  dissolution.  The 
force  with  which  the  osygen  separates  from  the  hKinoglobin  under 
these  circii instances  is  VA]]&J^  the  jrreasHre  or  tension  of  diiUiocMtion, 
and  is  represented  graphically  by  auch  a  oiirve  as  that  just 
deacribed. 

The  blood,  coQBidered  as  a  tiaaue,  can  be  divided  into  two 
portions,  the  fluid  matrix,  the  plasma,  and  the  cellular  elementa, 
the  corpuscle;  the  diatribution  of  its  gasea  will,  therefore,  be  con- 
flldered  in  relation  to  the  whole  blood,  the  plaama  and  corpusclea 
respectively-  It  will  be  abown  later  that  the  investigation  of  the 
combiuation  of  gaaea  with  p\iro  solutions  of  hDumoglobin  is  not 
so  important  a  method  as  it  was  once  thought  to  be ;  indeed, 
many  of  Hufner's  results  with  solntiona  of  hsBmoglobm  have  been 
shown  to  be  wruiLg  ;  aod  even  the  correct  ones  are  not  directly 
applicable  to  the  hemoglobin  as  it  eiiatfl  in  the  red  corpuaolefl. 
It  is  difficult  to  obtain  pure  kemoglobin.  and  it  is  probable  Mia( 
the  properties  of  the  crystals  are  not  exactly  the  same  as  thoae 
of  the  haemoglobin  in  the  red  coq^uscles  in  which  it  exists  in  cloae 
relationship  with  proteids  and  &alts.  Moreover.  diiTerent  resulta 
are  obtained  for  the  diasociation  of  oxy- haemoglobin,  according  to 
the  method  used  for  the  preparation  of  the  crystab  and  the  per- 
CdUtage  of  luemoglobin  in  solution- 

The  Oxygen  in  Blood^ — When  blood  is  shaken  with  air,  it 
takes  up  a  niuch  larger  volume  of  oxygen  than  the  amount  which 
can  be  held  in  solution  by  an  equal  volume  of  water*  and  aniui&la. 
aa  shown  by  Regnault  and  Retset'a  experiments,  absorb  the  aame 
amount  of  oxygen  whether  they  breathe  oxygen  or  air-  The  laat 
fact  led  Liebig  to  the  ccnelu^ion  that  the  gases  of  the  blood  an 
pre^ant  in  a  state  of  loose  ehemica}  combination  with  somfi  of 
the  eoTLStituenta  of  the  blood,  and  Femet  found  that,  as  regards 
xygen,  the  constituent  concerned  was  the  red  corpuscle.  Furtber 
Ttofs  of  the  chemical  combination  of  oxygen  vers  auppUed  by 
rd  and  Hoppe-Seylei,  vho  discovert  that  the   ox\-gen  of 
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the  blood  could  be  displaced  by  an  equal  volume  of  carbon 
monoxide.  Hoppe-Seyler  then  succeeded  in  crystallising  hoemo- 
globin*  and  proved  that  it  combined  with  oxygen,  but  on  exposure 
to  a  vacuum  again  yielded  up  tha  gas,  A  year  or  two  later, 
in  1864,  Stokes  discovered  that  reducing  agents  abstracted  the 
ojcygen  from  oxy-hfemoglobin,  and  thereby  altered  its  colour 
and  apectrum. 

The  blood  can  be  divided  by  means  of  the  centrifugal  machine 
into  plasma  and  corpuscles,  and  a  similar  separation  can  be  ciTcctcd 
by  cooling  horse's  blood  and  allowing  the  corpuscles  to  subside. 
These  two  portions  show  a  marked  difference  in  their  relation  to 
oxygen.  The  plasma  contains  biit  a  small  amount^  and  tliis  ia 
dijiaolvcd  in  proportion  to  the  pressure,  according  to  Henry's  law  ; 
ihu3  the  quantity  of  oxgyen  In  pksma  which  has  been  shaken  with 
air  at  the  ordinary  temperature  and  presaure  \a  about  0(35  volumes 
per  cent.,  a  value  not  very  different  from  that  obtained  with  water. 
The  whole  bloodj  when  treated  in  a  similar  manner,  absorbh  J8'B 
to  24  volumes  per  cent, ;  the  first  figure  is  the  average  for  human 
blood  according  to  Haldane^a  experiments*  the  latter  the  result 
obtained  by  Bohr  for  dog'a  blood-  These  figures,  therefore,  repre- 
aent  the  oxygen  capaciry  o/  fhe  bhod  of  man  and  dog  respectively. 
There  is  thus  no  doubt  that  oiygen  is  present  in  blood  in  the  fltfltea 
of  simple  aohttion  and  chemical  combination  ;  the  latter  is  the 
predominant  state  and  requires  further  conside ration- 

According  to  Bunge'e  deterrai nations,  100  parta  of  red  corpuscles 
contain  26  partB  of  hromoglobin  and  63  parts  of  water  ;  this 
would  correflpond  to  a  41  per  cent,  solution^  but  in  making  this 
statement  it  must  be  remembered  that  the  htemoglohin  h  probably 
not  present  In  simple  solution  in  the  red  corpuscles.  The  blood 
considered  aa  a  whole  contains  about  J4  per  cent,  of  hEemoglobin, 
which  ie  present  only  in  the  red  corpusclea.  It  is  with  the  blood 
that  tho  gaseous  exchange  takes  place ;  the  red  corpuscles  are  the 
oxygen -carriers,  they  yield  up  oxygen  to  the  plasma,  which  in 
turn  sTippliea  the  tissues  according  to  their  needs.  The  most 
important  question  to  be  considered  later  is  the  pressure  of  the 
oxygen  in  the  red  corpuscles,  whereby  the  pressure  in  the  plasma 
ia  maintfuned  during  its  eourae  through  the  systemic  circulation- 
It  is  necessary  to  determine  the  amounts  of  oxygen  taken  up 
under  different  pressures  and  at  a  constant  temperature.  The 
la£t  factor  is  important,  especially  wheu  low  pre.'isures  of  oxygen 
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are  ooncern^d,  and  the  temperatvire  wbicb  should  be  selected  b 
38**,  for  thia  is  the  intemal  tcmpprature  of  warm-blooded  aoimalfl, 
Loewy  and  Zuntz  have  recently  published  the  results  of  an  im- 
portaiit  investigatioD  upon  the  diasociation  of  ozy-hs^moglobin  in 
normal  blood,  laked  l>lood»  and  crrHtallised  hsmc^lobin.  The 
method,  which  had  previoualj^  been  most  often  employed*  v&a  to 
shake  gas-free  aolutiona  of  hflDmoglobin  with  oxygen  under  difierent 
pressures  and  then  to  determine  the  oxygen  absorbed  by  me&euiing 
the  remaining  gas,  Thia  procedure  they  rejected,  for  owing  to 
oxidation  at  the  temperature  of  the  bodj  varying  quantjtiea  of 
oxygen  dioappear,  a  difficulty  which  Hiifner  had  attempted  to 
avoid  by  using  carbon  monoxide  instead  of  oxygen,  and  thus 
indirectly  estimating  the  dissociation  of  oxy- haemoglobin.  Tha 
method  which  Loewy  and  Zunts  employed  was  similar  to  that 
uaed  by  Paul  Bert  and  Bohr.  DitTerent  portions  of  the  blood 
were  shaken  with  appropriately  graduated  mixtures  of  oxygen 
and  nitrogen  until  there  was  an  equahty  of  pressure  in  and  outoide 
the  blood  at  38'^  and  atmospheric  pressure  ;  a  sample  of  this  blood 
was  then  placed  in  Piliiger'a  pump,  and  its  gases  were  cxtractedj 
and  analysed  ;  a  sample  of  the  gas  with  which  the  blood  had  been 
shalEeo  was  also  analysed.  Some  of  the  results  may  be  giveri 
here,  others  will  he  considered  later  in  relation  to  the  causes  of 
the  gaseous  exchange  between  the  blood  and  the  alveolar  air. 
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The  above  table  shows  that  the  laked  blood  took  up  a  smaller 
quantity  of  oxygen,  but  with  low  partial  pressures  hsd  a  relatively 
higher  saturatioa  than  that  of  the  unlake<l  blood.  The  Bgures 
below  give  the  reaulta  obtained  from  similar  experiments  with 
different  solutions  made  with  haiimoglobin  obtained  with  and 
without  alcohol. 
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The  following  figure  shows  graphically  the  Teaults   obtained 
by  Loewy,  Hiifner,  and  othera  in  a'  comparison  of  various  blooda. 
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Fta.  27— Comparison  of  DiBsociation  Curves  of  OHb.  jLoewy  (men} ;  o  Paul 
Bert;  ♦  HUfner  (new);  ^  Hufner  (oM);  «  Loewv  and  Znnli  [dug};  +  Loewy 
(Ot  ut.  o(  wenouB  blood  of  men) ;  +  Strassbiirg- Wolff  berg  (venous  blood  of  dogB). 
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The  next  figure  (Fig.  28)  gives  the  diseociation  curve  of  OHb 
obtained  by  Loewy  in  the  case  of  human  blood. 

Recent  expcrimenta  by  Bohr,  Hasselbacb,  and  Rrogh  show 
that  the  absoq)tion  of  oxygen  by  the  blood  ia  influenced  by  the 
presence  of  carbon  dioxide ;    when  the  pressure  of  oxygen  is  low 
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Fig.  28 Average  Dissociation  Curve  of  OHh  In  Human  Blood  (i«ipy). 


and  that  of  carbon  dioxide  is  high  the  capacity  of  the  blood  to 
take  up  oxygen  ia  diminished.  This  factor  must,  therefore,  be 
taken  into  account.  In  Krogh's  experiments  with  horse's  blood 
the  pressure  of  carbon  dioxide  was  maintained  at  a  constant  level ; 
his  results  are  giveu  in  the  following  table  of  the  quantities  of 
oxygen  absorbed  by  the  blood  at  different  pressures  and  at  a 
temperature  of  38^ 
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The  above  figures  show  clearly  the  difference  in  the  cmounta 
of  oxygen  in  simple  solution  find  m  chemical  combination  under 
Vftrying  presaureB  of  oxygen  ;  thus  a  rise  of  preaaure  from  70  to 
150  mm,   increaseB  the  former  by  over  100  per  oent-,  the  Ifltter 
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by  IcBfl  than  2  per  eent^ ;   in  other  words,  chemical  combination  ia 
by  far  the  moet  effective  method  of  abaorption  at  !ow  preaaurea. 

The  preceding  figure  is  a.  graphic  representation  of  the  above 
resulta ;  llie  atwcisaa  etauds  for  the  pressure  and  tbe  ordinates  for 
the  quantities  of  gas  absorbed ;  the  curve  repreaenta  the  gas  in 
chemical  oombinatJon,  the  dotted  line  the  oxygen  in  simple  aoLu- 
tioQ  in  the  pla^ma^ 

2  L 
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Comparative  detenomationa  of  tbe  oxygen  capacity  of  biood 
have  been  mado  by  Halclanc  with  tho  ferricyanide  method  and  the 
blood-pump  \  the  reaiilts  for  the  two  ciothodfi  are  practically  the 
same,  as  shown  by  the  following  table. 
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There  ia  very  little  doubt  that,  apart  from  the  smaU  quantity 
of  oxygen  in  simple  aolutioa,  the  whole  of  the  oxygen  which  can 
be  extracted  from  blood  ia  in  combination  with  the  hmnioglobin, 
It  is.  therefore,  of  interest  to  determine  whether  the  oxygen  capa- 
city of  the  blood  varies  with  tho  colouring  power.  Haldane  and 
Lorrftin  Smith  ('")  have  produced  satisfactory  evidence  that  this  ia 
the  case  for  different  samples  of  blood  taken  not  only  from  the 
same  individual,  but  also  from  different  animals.  The  oxygen 
capacity  of  any  hlood  can  thua  he  deteriuineJ  by  comparing  it 
colorinietrically  with  a  sample  of  blood,  the  oxygen  capacity  of 
which  has  been  detennined  by  the  ferricyanide  method  or  the  gas- 
pump.  In  this  way  Haldane  has  been  able  to  give  an  exict  value 
to  clinical  estimations  of  hwrnoglobin  ;  a  1  per  cent,  solution  of 
ox  oT  sheep's  blood  of  185  per  cent,  oxygen  capacity  ts  used  aa 
a  standard  solution  for  the  h«moglobino meter.  The  following 
(see  p.  531)  are  the  resulta  of  aome  of  his  ch^ervations  upon 
the  blood  of  healthy  men»  women,  and  children. 

The  average  oxygen  capacity  of  the  blood  in  healthy  adult 
men  waa  18"5,  in  women  Ifi'lj,  and  in  children  IC'l  per  cent. 

It  is  necessary  to  know  not  only  the  percentage  hut  also  the 
total  oxygen  capacity  of  the  blood.  Ilaldane  and  Lorrain  Smith 
determined  these  in  their  research  on  the  maaa  and  oxygen 
capacity  of  the  blood  in  man.    The  inaea  of  the  blood  in  man 
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18  about  4"9  por  cent,  [g^f^^r^)  of  the  body-weight  and  varied  in  the 
foitrteen  persons  examined  between  3'34  per  cent,  {^^^)  and  627 
per  cent,  {-^q)-  Th^  total  oicygen  capacity  of  the  blood  in  litres 
is  about  085  [ler  cent,  of  the  body-weiglit  in  Itilograms,  and 
varied  between  057  per  cent,  and  f>95  per  cent.  The  total  oxygen 
capacity  ia,  relatively  to  fcbe  body-weight,  more  constant  than  the 
maBfi  of  tha  blood. 

Sufficient  data  have  now  been  given  to  show  that  the  oxygen 
capacity  of  the  blood  depends  upon  the  colouring  matter  of  the 
red  corpuflcles,  but  it  reinaiiis  to  diacusa  wliy  soluticns  of  crystal- 
hsed  hji^moglobin  do  not  behave  in  the  same  manrei  as  bloodi 
why  they  have  different  oxygen  capacitiea.  There  seems  to  bo 
little  doubt  that  tte  pigment  of  the  red  corpuscles  ia  not  the  same 
as  crystallised  bsemoglobin  ;  the  corpuscles  contain  about  40  per 
cent,  of  haemoglobin,  hut  it  ia  imposaible  to  make  such  a  strong 
solution  with  cr}'3tals  of  hiemc^lobia.  Bohr  mamtaina  that  there 
are  at  kast  four  diiferent  kinds  of  hEcmoglobin,  which  combine 
with  different  amounts  o£  oxygen  nnd  have  difleront  "  specific 
oxygen  capacities,*'  by  which  term  he  designates  the  ratio  between 
the  number  of  grm,  of  iron  anil  the  nnnil>er  of  cubic  centi' 
metres  of  oxygen  present  in  a  given  volume  of  blood,  blood- 
corpuacJes,  or  solutions  of  IiEemoglobin  saturated  with  air  at 
ordinary  presHure  and  temperature.     The  red  corpusclea  are  aaid 
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to  cont^n  &  mixture  of  different  hfornoglobiita,  which  vary  not  only 
in  diSerent  anima1j<,  but  even  in  the  arterial  and  renona  blood  of 
the  Aame  indiv-tduol. 

There  remains  considerable  doubt  about  the  validity  of  thcw 
views,  Hiifnor  maintaina  that  in  ox-blood  there  ia  only  one 
kind  of  haemoglobin,  1  gnu.  of  which  absorbs  abo;it  1'31  c.c^  of 
carbon  monoxide  or  ojtygen  measured  at  0°  and  760  nam.  This 
contention  ia  supported  by  the  following  considerations.  The 
htDmoglobin  of  ox-blood  contains  0'33G  per  cent,  of  iron,  and  ita 
molecular  weight,  on  the  assumption  that  one  molecule  contains 
one  atom  of  iron,  would  be  16,669  ;  itB  capacity  to  combine  vrith 
o^gen  appears  to  depend  upon  the  icon,  one  atom  of  which  holds 
two  atoms  of  oxygen,  and  calculated  from  the  percentage  of  iron 
this  value  should  be  1  34  c,e,  of  oxygen  absfirbed  by  1  grm. 
of  hemoglobin.  Direct  experimeuta  by  Hiiftter  gave  an  average 
of  I'26  e.c.  of  carbon  moooxide  per  grm.  of  ho^nioglobin,  a 
figure  which  became  1"34  c.c.  when  it  was  corrected  for  incom- 
plete saturation  and  for  the  coefficient  of  absorption  of  carbon 
monoxide.  This  figure  has  been  generally  accepted  by  physio- 
logists, but  recently  Haldane  baa  rai^d  doubts  about  Its  correct- 
neaa ;  he  pointa  out  tliat  the  reaults  of  Kiifocr'a  individual 
experiments  vary  by  as  much  oa  10  per  cent,  from  one  another, 
and  the  corrections  applied  are  hypothetical.  Further  experi- 
ments must  decide  the  (jueation,  Tlif  general  jjercentage  of  iron 
in  the  blood  of  different  warm-blooded  animals  ia  0335  per  cent. 
Further,  the  amount  of  hfemoglobln  in  human  blood  is  about 
14  per  cent.*  and  if  1  grm.  can  absorb  1'31  c,c.  of  oxygen,  it  follows 
that  the  amount  of  oxygen  combined  in  arterial  blood  should  be 
about  19  volumes  per  cent,,  a  figure  which  agrees  well  with  the 
results  of  actual  experiments. 

The  foregoing  remarks  show  that  it  is  possible  to  give  another 
interpretation  to  the  question  of  '*  specific  oxygen  capacities." 
They  may  depend  not  upon  different  kinds  of  hromoglobtn,  but 
upon  mixtures  of  pure  and  partly  decomposed  hemoglobin,  for  it 
has  been  shown  by  various  observere  that  the  use  of  alcohol  in 
the  preparation  of  the  cryatab  will  affect  their  absorptive  power 
for  oxygen  ;  it  may  be  that  methEemoglobin,  hs^matiiii  and  hsemo- 
chroniogen  ate  present  oa  impurities. 

The  Carbon  Dicxido  in  Blood  — The  conditions  under  which 
carbon  dioxide  is  present  in  blood  are  even  more  complex  than 
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those  uE  oxygen,  far  it  is  present  in  ample  solution  and  in  dlfTexent 
forms  of  cKcmical  combioatioD  in  both  the  plaflma  and  corpuscLes, 
and  ia  not  combined  with  orly  one  definite  aubstancc,  oa  the  oxygen 
is  with  litemoglobin.  Data  have  already  been  given  to  show  that 
the  average  amounta  of  ^^arbon  dioxide  which,  c&n  be  extracted 
from  arterial  and  verioiiH  blotxl  are  43  and  HO  volumes  per  cent. 
Of  theae  amoiuits  the  larger  quantity  can  be  extracted  from  the 
plasma,  and  the  diatributiou  may  be  taken  as  bwo'thirds  in  the 
plasma  and  one-third  in  the  corpuscles. 

The  quantity  of  carbon  dioxide  in  Bimpla  eolution  ia  about 
2  volumes  per  eent.j  or  15  per  cent,  of  the  total  carbon  dioiide. 
The  greater  part  of  the  gas  in  the  plasma  or  in  serum  is  in  loose 
chemical  combination  and  can  be  extracted  by  the  blood-pump ; 
the  smatler  part  ia  infirm  chemical  combination,  and  can  only  be 
set  free  in  the  pump  by  tho  addition  of  a  weak  acid.  In  this 
respect  an  important  contrast  is  observed  between  blood  and 
serum  ;  all  the  carbon  dioxide  can  be  extracted  from  the  former 
hy  exposure  to  the  vacuum  alnne,  the  hemoglobin  of  the  ted 
corpuscles  acting  apparently  aa  an  acid. 

The  carbon  dioxide  absorbed  by  the  blood  in  simple  solution 
follows  Henry's  (aw,  but  the  quantity  held  in  chemical  combination 
ahowB  no  such  simple  relation  to  the  pressure.  The  following  data 
from  experiments  by  Jaquet  and  Bohr  will  explain  this  relationship. 
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Tho  next  curve  (Fig.  30)  has  been  constructed  by  Bohr  from 
the  data  just  given. 
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to  form  flodinm  carbonat«f  or  witb  double  that  amount  to  form 
sodium  bicarbonate.  This  detemii nation  niuflt  be  conaidered  aa 
only  appnuimatc,  for  it  will  be  shown  later  that  the  anicmnt  of 
sodium  c£.rbonat<]  in  serum  uoiinot  be  iiucurabely  determined, 
owing  to  the  combination  of  aomc  of  the  alkaU  with  proteids. 
An  exam-ination  of  the  dissocmtion  of  a  aolution  of  aodiuni 
bicarbonate  of  tbe  same  atreogth  as  that  of  serum  (O-l  to  0*2  per 
pent.)  shows  that  it  behaves  quite  differently  from  serum.  Thus 
Bohr  found  that  at  a  tem^^ratu/e  of  .^7"  and  a  pressure  of  only 
0'2  mm.  three-fifths  of  the  tot^l  gas  capable  of  dissociation  were 
firmly  combined ;  the  solution^  moreover,  is  completely  aatiirated 
at  a  very  low  prcBsuro  of  carbon  dioxide,  whereas  aenmi,  in 
Jaquet^s  experimentST  contained  only  45-S  volumes  per  cent,  of 
that  gES  in  chemical  combination  at  a  preaaure  of  14'S  mm.  of 
carbon  dioxide.  It  ia.  therefore,  maintained  by  liohr  that  sodium 
carbonate  and  aodium  bicarbonate  play  a  very  ^mall  part  in  the 
direct  gaseous  exchange. 

Evidence  hag  accumulated  to  show  that  the  carriara  of  carbon 
dioxide  must  be  sought  iu  the  protelda  of  the  plasma  and  corpusctei. 
The  globulins  can  act  as  weak  acids  and  form  combinations  with 
the  alkafica  In  blood,  but  from  these  combinations  they  are  dis- 
placed when  the  preaaiuro  of  carbon  dioxide  ia  high.  Locwy  and 
ZuntE  have  shown  that  the  quantity  of  a  diffusible  blkah  in  serum 
ean  be  increased  by  the  passage  of  a  stream  of  carbon  dioxide ; 
carbonates  are  thus  formed  at  the  expense  of  the  indilTusible  com- 
binatiomi  of  proteida  with  alkali.  The  combinations  will  vary 
according  to  the  maas  inlluence  of  tbe  proteids  of  the  blood  and 
the  pressure  of  carbon  dioxide  ;  when  the  latter  is  high  the 
globulin  will  be  deprived  of  ita  alkali,  but  vrill  regain  it  when  tbe 
pressure  of  carbon  dioxide  falls.  In  this  way  the  alkalies  of  tbe 
blood  will  be  brought  into  jilfiy  by  the  acid  pfopertiea  of  the  serum 
albumin  and  serum  globuhn  of  the  bloodn 

It  IB  now  neceeaary  to  inquire  whether  the  proteJdfl  of  the 
blood'corpuflclea  may  not  also  play  a  part  in  the  absorption  of 
carbon  dioxide.  The  red  eorpusclea  contain  about  one-third  of 
the  total  carbon  dioxide  in  the  blood,  thus  the  coq]us(^tea  of 
100  c,c.  of  artonol  blood  contain  about  13  c.c.  of  that  gasn  Leas 
than  I  c.c.  of  thie  amount  ia  in  simple  solution  at  the  temperature 
of  the  body.  The  hiomoglobin  acta  as  an  amd,  and  in  the  vacuum 
of  a  gaa'pump  will  drive  carbon  dioxide  out  of  carbonates ;    it 
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w  present  In  the  r^^d  corpascles  in  combtDation  with  alkali  &nd 
yields  up  some  of  this  alkali,  if  the  preaauie  ai  carbon  dioxide  be 
bigb  ;  in  this  respect  it  resemhles  tb*^  prot«ida  of  the  plaema. 

Bohr  finds  that  hFcmogJobin  can  alao  ^bacrb  carbon  dioxide ; 
the  combination  is  with  the  globulin  portion,  and  thus  is  not 
af^ted  by  the  simultaneoua  combination  of  oxygen  with  the 
iron  portion  of  the  molecule.  The  amount  of  carbon  dioxide  bo 
abflorbed  at  a  temperature  of  38^  and  a  pressure  of  W  mm.  ia  about 
8  c,c.  for  the  14  or  l(i  grtn.  of  hainoglobm  wbicb  are  eontaLued 
in  100  c.c.  of  blood.  The  remainder,  apart  from  the  small  quantity 
in  solution,  Is  probably  combined  with  alkali  as  bicarbonate. 

These  resulta  must  not  be  considered  bs  rigidly  representing 
the  condition  in  the  blood  circulating  through  the  body,  for  the 
blood  acta  aa  a  whole,  and  according  to  the  experiments  of  Zuntz 
and  Hambui^cr  there  ia  a  constant  exchange  of  ealta  between 
tha  plasma  and  corpuaclee,  owing  especially  to  the  variations 
which  are  occumTig  in  the  pressure  of  carbon  dioxide.  It  is 
probable  that  during  coagulatjon  the  chaugen  in  the  proteids  nf 
the  blood  may  alter  the  gaseous  contents  of  the  corpuflcles  and 
of  the  fluid,  which  is  no  longer  plasma  but  aenim. 

The  Nitrogen  and  Argon  in  Blood,— The  nitrogen  in  the 
blood  is  about  V2  volumes  per  cent,,  ia  chiefly  in  simple  solution, 
and  thus  follows  Henry'a  law.  Experimenta  by  varioua  observera 
ahow  that  blood  contains  about  OG  volumes  per  cent,  more  nitrogen 
than  water  under  similar  conditions  of  tempCTaturc  and  pre^nie, 
notwithstanding  the  fact  that  tte  coeflicient  of  absorption  ia 
smaller.  This  excess,  according  to  Bohr,  is  due  to  soma  unknown 
combination,  which  is  formed  in  the  presence  of  hiEmoglobin  and 
oxygen ;  it  does  not  liepend  upon  the  integrity  of  the  rud 
corpuscles,  for  a  aimiJ&r  excess  is  present  in  eolutiona  of  biemo- 
glohin  cryfltala. 

As  regards  Argon,  it  is  said  that  the  venous  blood  received 
directly  from  the  living  body  contains  0'042  voluniea  pet  cent,  of 
this  gaa,  a  larger  quantity  than  could  be  present  in  aiinplo  solution. 
Blood  which  has  been  expueed  to  the  air,  and  red  rorpu^lcs  in 
physiological  aaline,  do  not  ahow  any  euch  excess. 

Further  experiments  upon  theae  queationa  are  needed.  Accord-'^ 
ing  to  the  balance  of  evidence  at  the  prsaent  time,  the  nitrogen' 
and  argon  in  the  nonnal  blood  are  considered  as  inert  and  of  no 
special    physiological    signi^cance.     It    ia    neceaaary,   however,  to 
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meDtion  that  the  mtrogen  in  soluticn  in  the  hlood  l*pot\iiiM  of 
the  utmo«t  importance  in  caseA  <\i  oaisson  di«e«M  ;  thfi  pM,  which 
ut  set  free  in  the  blood-vessels  and  tissues  of  a  tliun  who  Um 
quickly  paases  from  the  high  pressure  of  the  omamul  Co  i\w  ordi- 
nary pressure  of  the  atmosphere,  is  ali^oat  t-ntircly  itimiHi'Hyl  of 
nitrogen ;  th«  g^as  cannot  be  utilised  by  the  tissuoa,  ftud  thua  will 
canse  g^-embolism,  and,  it  may  he,  [^ArAlysia  and  d«ftth.  Thia 
interesting  ^Yihject  is  fnlly  ^{Urnssed  in  another  part  of  thi4  wurlc.' 

G&rboTi  Honoxide  in  Btood^ — Traces  uf  oarlHtn  mono\klv 
have  been  fouad  hy  various  observers  in  th^  blotxi  of  hinJtby 
animals ;  this  was  probablv  due  to  the  abaorplii^n  of  thi»  |ca« 
during  the  breathing  of  the  air  of  large  citittf  wherv  small  <|U*»tiUv« 
of  carbon  monosdde  are  present,  or  it  might  har»  bMn  dhw  to 
the  lealtage  of  small  quantities  of  coal-gas  mio  th«  roo«iaia  wtwdl 
the  animaLa  livedo  Although  the  gas  is  not  tf>  be  tl|pilhJ  M  % 
normal  constituent  of  blood,  it  ia  of  the  greate«i  inl«t«al  to  lk» 
physiolo^st  and  the  pbjeieian  ;  \U  pro])orty  \-4  dui^acUQIE  ^TfW 
and  forming  a  combination  with  haemoglobin  throw*  j[T«ai  lifkb 
upon  the  procesSEE  of  respiration,  and  m  tho  cauwa  of  ita  VDiy 
puifionoos  nature.  Carbon  nicnoxide  th  formed  \yj  bh«  inoompbla 
combustion  of  coal-dust,  and  is  thus  rcj^ponsiblQ  for  QUimnui 
deatha  among  mmera  after  an  explosion  in  a  mine ;  (^*j  it  IM  praaaui 
&fi  an  impurity  in  coal-^as,  and  in  this  form  Ih  the  caiu»  of  maiiy 
deaths,  some  accidental,  others  suicidal. 

Carbon  monoxide  combines  with  Mood  in  tho  Nnnw  proportion 
as  oxygen,  but  the  comjioiind,  tiarhoxy-hmttuiuliilrtri,  onnnot  Im 
decomposed  by  ordinary  n-ducing  airents,  TUv  ^ilm  i'tvn  U^  ax- 
tracted  hy  the  vacuum  of  a  gaa-pjmp,  or  by  Uin  piL^mtKi^  of  ft 
stream  of  oxygen  or  an  indifferent  gas,  for  the  eombinutiou  d<»[MTidi 
upon  the  partial  prefigure  of  the  gan.  It  in  allaf^hmJ  ttt  thn  iron 
portion  of  the  molecule  of  li^moglohin.  niid  thuH  m  eiplninivl 
its  poisonous  property,  for  It  diapUcca  an  equal  volume  ol  oi^gen 
and  censes  death  from  lack  of  oxyt^en  ;  the  red  oorpuaolaa  art 
put  out  of  action  as  oxyt^en-earriera.  Haldanvf*"}  hat  uliown  that 
the  poiaoDoua  action  of  carbon  monoxiJj-  diminiabna  a»  the  praHur* 
of  oxygen  iocreaaea,  and  la  aboluthed  in  thn  tMati  iA  miJv,  whwi 
the  preaaore  of  oxygen  is  raised  to  two  atmo^haraa;  iba 
can  then  dispense  with  the  oay^en-urryiiic  (snctiMi  of  1^  li 
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globin,  for  thej'  obtain  tlie  osTg^n  thcv  need  from  the  gas  whicli 
ia  in  solution  in  the  plasma. 

T}ie  amourt  c^f  carbon  mcinoKide  absorbed  by  the  blood  dpi>end8 
upon  the  relative  &i&mtieH  of  oxygen  and  c&rbon  monojdde  for 
haemoglobin  and  the  relative  preaaurea  cf  the  two  gaaes  in  thft 
art^iriHl  blood.  The  affinity  of  the  gas  ia  about  140  timea  that 
of  oiygen.  When  an  animal  or  man  no  longer  inhalea  the  gas, 
it  slowly  dbappeara  from  the  blood.  This  is  due  not  to  oxidation, 
but  t<>  drBt^ociation  of  the  carboxy-lueniogEobin  Ijy  tbe  mafiS  indu- 
ence  of  the  oxygen  in  the  pulmonary  capiUaries. 

It  will  be  necoBsarj*  tator  to  consider  tbe  relation  of  pressure 
to  the  absorption  of  carbon  monoxide  by  the  bloodT  for  the  prin- 
ciple of  HaldaTie^a  metbod  for  the  determination  of  the  pressure 
of  ciygHrj  in  the  arterial  blooj  of  man  or  animal  ia  the  ^calculation 
of  the  preflflure  of  oxygen  from  the  preaaure  of  carbon  monoxide 
in  samples  of  the  hlood  and  the  final  saturation  of  the  haemoglobin 
with  carbon  monoxide.  The  subject  of  the  experiment  breathes 
a  known  very  small  percentage  of  carbon  monojdde  until  the  per- 
centage saturation  of  the  haemoglobin  with  the  gaa  ia  found  to 
be  constant.  Ilere  it  need  only  be  stated  that  there  ia  consider- 
able want  oi  agreement  between  tbe  results  obtained  by  Hiifner, 
Haldane  aiid  Lorrain  Smith,  and  Botk  for  the  relation  between 
the  pressure  of  the  gaa  and  its  absorption  by  the  blood. 

From  the  resemblances  between  the  combinations  formed  with 
hosmoglobii]  by  carboo  monoxide  and  oxygen,  it  would  he  ex- 
pected that  djffcrcncee  should  be  found  in  the  absorption  of  carbon 
monoxide  by  blood  and  by  solutions  of  haemoglobin,  and  there 
should  be  different  forms  of  hfemoglobin  with  specific  carbon 
monoxide  cajiacjties  re*embhng  those  for  oiygen.  Such  results 
have  been  obtained  by  Bohr  and  others. 

The  Alveolar  Air  of  the  Lungs.— In  the  preceding  pages  the 
gaacouE  competition  oi  the  mixed  venous  blood  in  the  right 
ventricle  aad  the  arterial  blood  have  been  compared  in  order  to 
show  the  effect  of  the  circulation  of  the  blood  through  the  lungs^ 
where  separated  ordy  by  thin  walls  the  blood  flowing  through 
the  extenaive  capillary  network  is  exposed  to  the  air  of  the  lungs. 
This  air  is  not  the  inspired  air,  it  ia  not  even  the  air  about  to  be 
expired ;  it  h  the  air  of  tbe  alveoli,  and,  owing  to  its  more 
stationary  character,  contains  leaa  oxygen  and  more  carbon  dioxide 
than   the  expired   air.     The  alveoli  of  the  luoga  are   exceedingly 


THE  AJ.VEOLAR   AIR  OF  THE  LDNGS 


^39 


Duicetoua.  as  many  as  40J  millionfl  are  present,  according  to  Aeby'e 
eatimatp,  in  the  lujigs  of  ei  man  ;  their  individual  size  varies  coii- 
Bidepftbly,  and  as  an  avorage  the  loUowing  dimensions  may  be 
given,  0-37,  0-22,  and  OIG  mn^,  for  the  uiidistende<.l  alveolus. 
Owing  to  the  elasticity  of  their  walla  the  capacity  of  the  alveoli 
can  be  doubled  by  diatenaioa  with  air  during  inspiration.  Cal- 
culated from  such  figures,  the  total  Burfooc  of  the  alveoli  will  be 
about  50  square  metrea  at  the  end  of  a  deep  expiration  and  130 
square  metres  after  a  very  deep  inspiration.  From  other  data 
Zunts  calculates  that  there  are  725  imllioriaor  alveoh,  with  a  total 
surface  of  about  90  square  metres. 

The  capLlhtry  network  contains  numerous  veaacLa  placed  very 
close  together  and  covered  by  an  extremely  thia  layer  of  the 
membranous  waU  of  the  alveoli^  and  the  layer  of  the  alveolar 
epithehum.  The  thiclcnesfl  of  this  double  layer  which  separates 
the  capillaries  from  the  alveolar  air  is  barely  0  001  mm,  thick. 

The  average  composition  of  the  air  in  the  alveoli  must  now 
be  considered-  From  the  numeroua  analy^s  of  the  expired  air 
it  is  possible  to  form  only  a  rough  estimate  of  the  alveolar  air, 
for  the  ejcpired  air  is  mised  with  some  of  the  air  from  the  '*  dead 
space  ^^  of  the  respiratory  tract,  which  lies  between  the  nose  and 
the  alveohn  Loewy  meaauied  the  volume  of  caate  of  the  respira- 
tory passages  and  catimated  the  ''  dead  apace  "  at  about  140  c.c. ;  ^ 
from  the  compoaition  of  the  expired  air,  its  probable  dilution 
with  air  from  this  "dead  apace,"  and  with  6  per  cent,  of  aqueous 
vapour^  for  the  air  of  the  alveoli  is  saturated  with  moisture  at 
the  temperature  of  the  body,  he  calculated  that  the  alveolar  air 
contained  12-6  to  13-5  per  cent,  of  oKvgen  at  the  atmospheric 
prcflsuro. 

In  an  ordinary  cKpiratiou  tbe  first  portion  of  the  air  which 
Iftavea  the  nose  or  mouth  is  from  the  *'  dead  space,"  then  mixed 
air,  and  finally  air  from  the  alveoli.  This  is  on  the  fluppnaition 
that  the  lobca  of  the  lungs  contract  simultaneoualy,  and  is  pro- 
bably correct,  although  some  observers  maintain  that  in  some 
cases  all  portions  of  the  lungs  are  not  io  the  same  phase  at  the 
same  time.     At  the  end  of  a  nomial  expiration  there  will  be  a 
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^  Holduio  aud  Friestlej  calculated  Iho  raluv  of  iLlp  ''  di^d  wptcv  "  in  ikiat 
uTfD  c«B&a«  and  fouod  fur  bUe  mcaa  rbduJta  139  c.c-  Miil  H^J  C.C-,  or  about  30  ptt 
txaU  of  tbe  Toluioe  of  a  aoroial  respimUcja  during  resL 
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minimum  of  oxygen  and  &  maximuTn  of  carbon  dioxide  in  the 
alveolar  air  ;  the  converge  will  be  the  uaae  at  the  end  of  a  normal 
inspiration.  Upon  these  principka  Haldane  has  hubad  a  simple 
but  efficient  method  of  collecting  aamplcs  of  the  alveolar  air  of 
man.  and  in  conjunction  with  Priestley  has  carried  out  an  im- 
portant fieriea  of  experiments  up<m  the  carbon  dioxide  in  the 
alveolar  air  under  different  conditions  and  its  relation  to  the 
regulation  of  breathing. 

The  following  figure  (Fig-  31)  aKowa  the  construction  of  tho 
apparatus  osed  for  obtaining  the  alveolar  aii.  The  eubject  of 
the  experiment  expires  at  the  end  of  a  normal  mapiration  quickly 
and  deeply  through  the  mouthpiece  and  closes  it  with  hb  tongue, 


Mouthpiece 


SampUrt^  Tuba 


FUJ.  3], — AfiEnmius  for  Cnllpction  a!  n  f^mple  of  AUfeol*T 
Atr  lllafitmie  avyf  Ffieafleff). 

Tbt'  tubo  in  a  piece  of  stiff  rubber  tube  about  4  feet  long  and 
ahuut  1  inch  Oiauieter.  Ttie  sampling  tube  vs  complebtly  exhausted 
by  n  gA.4-ptimp  before  the  Gxpt>ritiient. 


mitil  a  sample  of  the  air  has  been  taken  by  the  opeiung  and  olosing 
of  the  previooflly  exhausted  aaniplmg  tube,  A  second  aample  ia 
taken,  when  tho  subject  expires  deeply  at  the  end  of  a  normal 
expiration.  The  mean  of  the  analyses  of  the  two  aamplea  repre- 
sents the  average  composition  of  the  alveolar  air- 

Haldane  and  Prieatler{"')  found  that  during  rest  and  under 
normal  atmospheric  pressure  the  percentage  of  carbon  dioxide  in 
the  alveolar  air  is  almoat  constant  for  the  aame  individual ;  in 
their  own  cases  the  average  percentages  were  5"C3  and  628^  the 
niaximal  variations  being  5"40  and  6-S7  in  the  former  and  5-985 
and  6-845  in  the  latter.  Within  the  limita  of  atmospheric  preftsure, 
64ft-1230  mm.,  which  were  investigated,  the  percentage  of  carbon 
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dic^de  in  th«  alveolar  air  varied  Inveraely  as  the  atmoaphcric 
presaiire,  sn  that  the  pressure  of  the  alveolar  carLon  dioxide  waa 
constant,     Tho    pressure   of   oxygen,  on  the  other  hand,   abowed 
great    variattone-     The    foil  owing    table    givea    the    mean    refiultu 
obtained   for  the  alveolar  air  at   different   pressurea ;    the   per- 
centagea  of  oxygen  were  calcuhited  on  tlio  a&sumption  that  the 
respiratory  quotient  waa  085. 

I 

BvtymtWti 

mm.  of  Hg, 
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niDvlile 

fn  Ury 
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iuDry 

Air. 

nSHurr  nt 
DlDiMi'  III 

AlTPItl&T 
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iifOw 
ALnoBplii'Te, 
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ALTni>1*r 
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TopofBcn  Kevis 
Oxford       - 

BotUttn  of  Dolcoftth  ( 
Mine                     } 
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fompraaacd        air-  J 
rli&mber          .         ) 

846-E            H-^15             ]3a9 
755               5-05               13^97 

SSa               6-9Q               14-74 
1260               3-52         1      16-71* 

BfiS 

5-48 

5-64 

t 

During  muacular  work  there  ia  a  riae  of  alxiut  0265  per  cenL 
in  the  alveolar  carboa  dioxide  :   this  wiU    be  diacuoaed  in  con- 
nection with  the    quoation  how  the  respiratory  movementa  are 
regulated  in  depth  and  frequency. 

The  hniita  within  which  the  prPBsure  of  carbon  dioxide  vorien 
in  the  alveolar  air  of  different  indiviJualH  have  been  investigat^Hi 
by  FitzGerald  and  Haldane  (^).     The  following  table  (see  p.  542) 
shows  the  mean  and  the  range  of  the  preaauice  of  earbon  dioxJde. 

Direct  determinations  of  the  air  of  an  occluded  portion  of 
the  lunga  were  made  on  animaU  by  Pfluger  and  his  pupiJa,     For 
the  eollection   of  thiB   air   a  special   fonn  of  catheter,   the   lung- 
catheter,  was  used.     It  conaista  of  &   £ne   elastic  catheter,  sur- 
rounded,   except  at    its  extrcniiticaH    by   a   tnbc  with    a   rubber 
eolargeraont  towards  the  free  end  of  the    cath4?ter.      It  can  be 
introduced  through  the  trachea  into  a  bronchus  of  a  dog  with- 
out  preventing  the   free  ^laaaage  of  air  in  and  out  of   the  other 
portions  of   tiie    lungs.    When   the  catheter  is  in    jioaition,  the 
rubber  enlargemeat  is    inflated*  and   thus  ahuta    oil    a   portion 
of  the  liin^  from    which  the    alveolar   air    can    be    withdrawn 
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through  the  elastic  catheter.  The  results  obtainftd  m  this  way 
by  AVo!ffbepg  and  NuBsbauro  show  that  such  samples  of  alveoUr 
air  in  dogs  contain  about  3-5  per  ent-  cf  c&rboa  dioxide  and 
15-16  per  cent,  of  oicygen  at  atmospheric  preflsure. 

Loewy  and  Schrotter  have  adapted  this  inBtrument  for  use 
with  the  bronchoscope  upon  man. 

The  sampJea  of  air  obtained  with  the  Ituig-catheter  are  not 
true  eaniplcs  of  olvi-^oUr  air,  but  of  the  air  in  an  occluded  portioti 
of  the  limga.  If  the  proce^  of  exohntige  between  the  blood  and 
the  air  be  a  qiie^tian  of  pressure  only,  the  difTiision  will  proceed 
imtil  the  prewurea  of  the  gasejt  in  the  alveoli  of  the  ot^cluded  portion 
of  the  long  become  equal  to  the  mean  prcaaurea  of  the  correapcbd- 
ing  gasefl  in  the  blood  which  flows  through  the  capillanea  in  the 
walU  of  the  alveoli.  Thus  there  ia  congiderable  va  oe  to  be 
attached  to  such  samples,  for,  on  the  theoiy  that  the  gaseoua 
exchange  in  the  lungs  is  a  process  of  diffusion,  the  pressure  of 
their  constituent  gases  should  be  a  measure  cf  the  respective  gases 
in  the  venous  blood.  It  is  uncertain,  however,  whether  the  gaaeou*^ 
exchange  ia  of  such  a  simple  nature  ;  accordiiig  to  Bohr^  Haldane 
and  Lorrain  Smith  the  pressure  of  oxygen  in  the  arterial  blocvl  is 
higher  than  the  pressure  of  that  gaa  in  the  alveolar  air. 

The  Cannes  of  t!te  Claseouji  Exchaiige  bi'Jween  the  Bhod  nnd  the 
Alvfolof  Air. — Lb  is  impossible  to  give  a  eatiafactory  account  of 
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the  causes  of  the  gaBeouft  cKchange  between  the  blood  and  the 
ttlveokr  air,  for  the  experimental  reHult^  ol>tu.iiieJ  by  different 
observera  are  at  variance-  la  a  case  of  auch  difliculty  and  im- 
portance ifc  is  beat  to  state  the  aTgumenta  on  each  Bide,  sum  up 
the  evidencpT  and  indicate  as  far  as  possible  what  verdict  should 
be  given  upon  the  balance  of  evidence.  The  verdict  may  or  may 
not  be  true,  for  the  evidence  appeals  differently  to  each  observer, 
and  itp  is  difficult  to  separate  from  the  consideration  of  this  subject 
the  personal  attitadc  of  each  man  tow&nia  the  Matortahfitic  and 
Vitalistio  Schools  of  Physiology,  It  may  be  that  a  verdict  of 
"  not  proven  "  will  be  more  in  agreement  with  the  nature  of  the 
evidence. 

The  two  cases,  stated  briefly,  are  as  follows :  the  gaseous 
exchange  between  the  blood  and  the  alveolar  air  ia  due  to  the 
relative  partial  preaaurea  of  the  gaacs  in  the  blood  and  alveohir 
air,  and  can  be  explained  according  to  phyeical  and  chemical  laws ; 
the  gaseous  esrchange  takes  place  in  opposition  to  the  known 
physical  and  chemicul  laws,  is  of  a  special  nature,  a  vital  procasa 
akin  to  the  secrii^tion  and  excretion  of  ghinds. 

The  solution  of  the  queation  depends  upon  a  comparison  of 
the  partial  pressures  of  the  gnaea  in  the  arterial  and  venous  blood 
with  those  of  the  corresponding  gases  in  the  alveolar  air-  !t  has 
already  been  shown  how  samples  of  alveolar  ah  may  be  obtained 
under  ordinary  atmospheric  pressure,  and  yield  on  analysis  the 
partial  ptessuies  of  their  constituent  gases :  the  methods  used  for 
the  determination  of  the  presaures  of  the  gases  in  the  blood  have 
not  yet  been  described.  For  the  determination  of  these  preesures 
Pfliiger  introducpd  an  instrument  known  as  the  aerotonometer^  the 
principle  of  which  is  as  follows  :  blood  in  contact  with  a  miitufft 
of  oxygen,  carbon  dioxide*  and  nitrogen  absorbs  oi  gives  up  gaa^ 
according  as  the  presaurcs  of  its  respective  gaaea  are  leas  or  greater 
than  those  of  the  corresponding  gases  in  the  mixture.  If  au^cient 
time  be  allowed,  this  interchange  will  result  in  equilibrium ;  the 
partial  [iressiires  t>f  the  gases  in  aod  ont^ide  the  liquid  will  he  the 
same,  and  thus  from  an  analysis  of  the  mixture  at  known  pre^ure 
it  is  possible  to  determine  the  partial  pressures  of  the  gases  in 
the  blood. 

In  the  aerotonometer  the  blood  passea  in  a  very  shallow  stream 
through  a  glass  tube  which  contains  a  miiiture  of  gases  of  known 
quantities  and  pressure,  and  is  surrounded  by  a  water-jacket  with 
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tbe  ywuie*  of  ifae  ^rb  ■  the  tAt  wkM  rn  one  oae  be  gretter, 
B  ■■ocfcer  oae  km  chAa  tfe  ■■*^p***^  ^JtiMom  of  tke  ««»- 
y»ifag  g*«s  m  t^  Uood-  TW  ^BM  m.  tke  tnfaek  mfter  tbe 
yud  W  pBMed  iJKrvs^  tJbev  aie  aoiJwd.  and  from  xhe  ahen- 
tra  n  tke  pnfMinHM  the  pankl  ^bl— lu  of  the  gsaes  in  ^e 
Uoed  ue  calnkted- 

Bad  S  ViA««Bv  mmde  «  vnfa  of  czpenBOiti  vpon  do^  Aod  foond 
the  |m.— 11  of  csrhoB  ibcExide  is  the  Ktenal  Uood  to  be  3-2  to 
ys  per  cent-T  wkh  a  Beaa  of  2-^  per  ant.  of  ui  mtmoephefe.  Bad 
that  o~  t^  TOMHA  blood  from  t^  rigla  ndc  of  tiu  Ivut  3-81  to 
&'4  per  cent.  SbonltaneovB  deicTBiDBnanB  of  the  piiwmm  of  tbe 
gBBCi  in  the  air  raaoved  bj  the  Inng  cathettr  were  not  made  in 
tatk  caae,  but  thoac  fesaha,  in  vhkh  that  wwiitinw  ««»  fulfilled, 
have  been  labptated  bf  Bohr,  aad  afe  here  reprodiiMd. 


f^  4-1  4-i  4-1 

3-^  i-4  4-9  3-9 

4-6  4-9  2-S  3  3 

4-4  43 


The  general  result  is  that  the  preaaure  of  carbon  dioxide  in 
the  venouA  blood  is  about  the  same  &a  that  in  the  sample  of 
air  obtained  with  the  lung-catheter,  and  this  could  be  explained 
by  diffusion  alone.  In  two  cases,  however,  the  pressure  in  the 
alveolar  air  was  1  per  cent,  higher  than  in  the  venous  blood.  The 
ejperimenta  upon  the  pressure  of  oxygen  were  unaatisf acton- , 
Herter,  who  also  made  detenninationa  with  the  aerotonometer, 
found  low  values  for  the  pressure  of  oxygen  in  arterial  blood,  the 
highest  value  being  1044  per  cent,  of  an  atmosphere. 

One  of  the  chief  criticismB  of  these  results  is  directed  against 
the  method  o£  obtaining  a  sample  of  the  alveolar  air  from  the 
portion  of  the  lung  blocked  up  by  the  balloon  of  the  iung-catheter- 
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It  hfls  already  been  aliown  that  it  ia  not  tme  alveolar  air.  In 
pathological  caacfl  gf  collapsa  of  the  lung,  and  in  eicperiments  upon 
the  production  of  arti&cial  eollapse,  all  the  air  id  the  portion  of 
the  lung  involved  la  alisarbeii  in  a  few  honra  ;  the  lung -catheter 
may  also  produce  conditions  too  abnormal  for  experimentA  to 
decide  the  question, 

Bohr  conatruoted  an  improved  aerotonometer,  the  hffimatiero' 
meter,  through  which  a  constant  and  rapid  fitwam  of  arterial 
blood  could  be  maintained.  Doga  were  used  for  the  etperimenta, 
the  coagulation  of  the  blood  wa3  prevented  by  the  injection  of 
leech: eitract  or  peptone,  and  the  blood  from  an  artery,  after  passing 
through  the  h£emat£Gromet&r.  passed  back  to  the  animal'a  body 
through  the  peripheral  end  of  tho  artsry  or  the  central  end  of  a 
vein.  The  composition  of  the  expired  air.  99  it  passed  the  bifurca- 
tion of  the  trachea,  was  detemiined  by  qualitative  and  quantitativa 
analysGH  of  the  expired  air  and  diret:t  meaHurenient  aft«r  the 
death  of  the  animal  of  the  volume  of  the  "  dead  apace,*'  which  io 
this  case  was  the  trachea  Etnd  tracheal  oammla.  Bohr  obtained 
for  the  pressure  of  oxygen  in  arterial  blood  results  as  high  aa  101 
to  144  mm,  of  mereui^",  and  in  nearly  every  case  the  pressure  waa 
higher  than  that  of  the  expired  air  at  the  bifurcation  of  the  trachea, 
and  therefore  higher  atill  thau  that  of  the  true  alveolar  air.  The 
absorption  of  osygen  in  these  caaca  could  not  be  explained  by 
diffusion.  For  the  preasure  of  carbon  dioxide  the  results  vary 
greatly  from  0^9  to  2^-1  mm  ;  in  gome  cases,  as  shown  in  the 
following  table,  they  are  much  below  the  preasiire  in  tlie  air  at 
the  bifurcatioti  of  the  trachta,  in  other  cases  higher. 
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From  these   results   Bohz  ooncludes  that  the  absorption  of 

oxygen  and  the  exeretion  of  carbon  dioxide  are  active  secretory 
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procesaeB.  Hu£ncr  and  Fredericq  have  contested  the  accuracy 
oi  Bolir's  experimenter  ^^^  suggest  that  the  iirepulflritiea  in  the 
results  are  evidence  of  a  want  of  eijuilibrium  between  the  preasurea 
of  the  gases  in  the  blued  iind  in  the  hjecifltflproineter.  It  h  to  be 
tLot«d  that  the  respiratory  quotients  in  Bohr's  experimenta  vaiy 
from  054  to!  01 » owing,  it  iuaybe»tc  imperfect  and  irreguJar  vcntiU- 
tion  of  the  lunge.  It  is  prnbabk  also  that  the  leech-extract  added  to 
the  blood  may  alter  the  absorption  of  gaaes^  and  it  is  certain  that 
the  operative  procedure  renders  the  animal's  condition  abnormal. 

Fredericq  has  made  eaqieriments  ivith  an  aerotonomet^r  con- 
structed upon  the  same  principlea  aa  Pfliiger's  instrument ;  the 
arterial  blood  is  prevented  from  coagulation  by  a  previous  injection 
of  peptonef  and  after  paasing  through  the  apparatus  flows  hack 
through  a  vein  to  the  animal's  body.  The  results  yielded  ft  preflaure 
of  12  to  14  per  cent,  for  the  oxygen,  and  l27  to  24  per  cent-  of  an 
atmosphere  for  the  carbon  dioxide.  When  the  dog  breathed  a 
ruixtore  of  about  85  per  cent,  of  ojcvgen,  the  preasure  of  the  oxygen 
in  the  arterial  blood  was  raised  to  60  per  cent-  of  an  atmoaphere. 

So  great  is  the  want  of  agreement  and  tha  irregularity  of  the 
reanlta  obtained  by  different  observers  with  various  forms  nf  tono- 
metec  that  the  au^pieion  arises  that  there  are  aonrces  of  fallacy 
in  the  methods.  Appeal  must*  therefore*  he  made  to  other  exx)eri- 
menta,  especially  to  those  which  can  be  performed  upon  the  living 
atimal  without  subjecting  it  to  any  serious  operation.  This 
latter  condition  ia  fulfilled  by  Haldane's  method,  the  principle 
of  which  is  afi  follows :— *'  The  subject  of  the  ex()erinient  con- 
tinues to  breathe  aii  coDtaiuIng  an  exactly  known  very  atnall 
percentage  of  carbonic  oxide  until  a  point  is  reached  at  which 
the  percentage  saturation  of  hie  haemoglobin  with  carbonic  oxide 
becomes  constant.  Now  the  final  saturation  with  carbonic  oxide 
of  ha?mog!obin  solution  brought  into  contact  with  gas  contaiuing 
carbonic  oKide  and  oxygen  depends  on  the  relative  tensions  of 
the  carbonic  oxide  and  oxygen  in  the  hquid,  ao  that  if  the  tension 
of  carbonic  oxide,  and  the  hnal  aaturatJon  of  tbe  hssmoglobin 
be  known,  the  oxygen  tension  can  be  inferred-  Hence  jf  in  the 
living  subject  both  the  carbonic  oxide  tension  in  the  blood  leaving 
the  lungs,  and  the  linal  sniuration  of  the  haemoglobin  with  carbonic 
oxide,  are  known*  the  oxygen  tension  of  the  blood  leaving  the 
lungs  can  be  calculated.  But  the  carbonic  oxide  tension  of  the 
blood  leaving  the  lungs  will  (after  absorption  has  oeaaed)  bo  that 
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of  the  inspired  air,  after  allowance  has  been  made  far  dilution  of 
the  latter  by  aqueous  vapoor.  Therefore  from  a  knowledge  of 
the  percentage  of  carbonic  oxide  breathed  by  the  subject  of  the 
experiment,  and  of  the  final  aattiration  of  his  blood  with  carbonic 
oxidCj  the  oiygen  tension  of  hia  arterial  blood  may  be  calculated.** 
(Haldane  and  LorraiiL  Smith.) 

With  thia  method  numerous  experiments  have  been  made  by 
HaJdane  and  Lorrain  Smith  (^^)  upon  the  part^ial  preesure  of  oxygen 
in  the  artarial  blood  of  man  and  animals.  The  average  results 
for  the  normal  condition  are  shown  in  the  following  table. 


Pmnn  of  Okjecb  Id 

Anliiulp 

cf  J>ot4ir- 
DtlULlioiki. 

ATWntl  Biaatl. 

In  PiTomBaKt^ 

of  ui  AGnH- 
pliBn. 

InMIUlLHUv 
of  Vnrenr}!. 

Maiu«    . 

20 

s2-a 

172 

Man 

S> 

38-6 

£Ba 

^og        - 

2 

21-0 

leo 

Cat        .        , 

1 

353 

26S 

Rabbit  , 

4 

270 

21D 

Birdi    , 

4 

44-G 

330 

Prt>g      . 

1 

i8'4 

14D 

If  the  normal  preseure  of  o:tygen  in  the  alveolar  air  of  these 
animals  be  aA.'iiimed  to  be  13  to  14  per  cent,  of  an  atmeapbere, 
diffusion  alone  cannot  explain  the  absorption  of  oxygen,  for  the 
preasure  of  the  gas  in  the  arterial  blood  is  higher  in  every  casp. 
The  influence  of  varioiiH  comlitious  upon  the  abaorption  was  alao 
detenciiied.  A  fall  in  the  internal  temperatuie  of  the  body  by 
exposure  to  cold  reduced  the  proafiurc  of  oxygen  in  the  arterial 
blood  of  a  mouse  from  ^2-6  to  15-1  per  cent,  of  an  atmosphere. 
An  merease  in  the  percentage  of  oxygen  in  the  alveolar  air,  when 
the  animal  bnuithed  mixtures  rich  In  oxygen,  caused  an  almost 
proportional  increase  in  the  pressuie  of  oxygen  in  the  art^irial 
blood ;  on  the  other  hand,  want  of  oxygen,  whether  produced  by 
poisoning  with  carbon  monoxide,  diminution  in  the  percentage  of 
oxygen  in  the  inspired  air,  or  diminution  in  atmospheric  presBure, 
caused  a  fall  in  the  preasure  of  the  oxygen  in  the  arterial  blood,  but 
ft  marked  increase  in  the  relatiiv  exee,^  of  the  pr'^ssure  of  oxygen 
in  the  blood  over  that  in  the  alveolar  air^  Thus  want  of  oxygen 
acted  as  a  atimulue  to  the  abaorption  of  the  gaa. 
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These  experiments  are  entirely  in  favour  of  the  Mcretory  thooiy. 
and,  if  there  fihould  be  no  sources  of  faUacj  in  the  method,  would 
decide  the  question  as  regards  the  ftbeorption  of  oxygon  in  the 
lunga.  The  eriticisras  have  been  chiefly  supplied  by  the  obaervera 
themselveji,  and  have  been  by  thera  subjeeted  to  the  test  of  e3t|>eri- 
ment.  It  might  Hk  that  the  i-arlHiu  monoxide  wa«  not  ahsorbe-d 
by  diffusion  alone,  and  thus  the  method  would  be  nullified ;  it 
appears,  however,  that  the  lungs  exert  no  selective  action  in  thia 
case,  for  the  absoq^tion  ceases  when  the  relative  saturation  of 
the  blood  corresponds  to  the  partial  pressure  of  the  gas  inspired, 
Eiperimentft  by  flak^ane  show  that  carbon  monoxide  ih  not 
oxidised  in  the  body.  The  exactness  of  the  data  for  the  absorption 
of  carbon  monoxide  under  different  preaaurea  may  be  questioned . 
for  the  teaulta  obtained  by  Haldane  and  Lorrain  Smith  are  exactly 
double  the  values  found  by  KlifnetT  and  are  also  higher  than  those 
obtained  by  Bock,  tn  the  latter  case  the  lack  of  agreement  may 
be  due  to  the  difference  in  the  atrength  of  thp  aoiution  of  hipmo- 
globin,  but  this  will  not  hold  in  the  case  of  Hvifner's  eiperimeuta, 
and  in  any  coaa  raises  the  question  whether  solutions  resemble 
the  normal  blood  in  their  power  of  abaoqjtion.  Haldane'a  colori- 
metrif!  method  for  the  eatimation  cf  tvarboiy-haRmoglobin  has  been 
shown  by  Haldane  and  Lorrain  Smith  to  Iw  liable  to  error,  for 
bright  day-light  has  a  moat  marked  action  in  dinnnishing  the 
atfthility  of  the  combination.  Another  important  point  is  whether 
an  animal  with  40  or  50  per  cent,  of  its  haemoglobin  saturated 
with  carbon  monoxide  can  be  considered  normal.  Bohr,  while  he 
hails  these  results  as  some  of  the  atrongeiit  evidence  in  favour  of 
the  secretory  theory,  yet  ntalnt&inH  that  the  high  preasEires  of 
oxygen  in  the  arterial  blood  are  due  to  an  abnormal  increase  in 
the  activity  of  the  pulmonary  epithelium^  and  the  experiments 
of  Haldane  and  Lorrain  Smith  them&elvca  show  that  want  of 
oxygen  acta  as  a  stimuluR  to  the  fiirtlier  absorption  cf  oxygen. 
Be  this  as  it  may,  the  reaults  wi>u]d  still  show  that  diffusion  does 
not  explain  the  phenomena,  and  that  the  animals  can  under  the 
oonditions  of  the  experiment  secrete  oxygen. 

Further  evidence  in  favour  of  the  secretory  theory  can  be 
found  in  the  presence  in  the  swimming-bladder  of  fishes  of  almoat 
pure  oxygen  under  pressures  so  high  a«  to  Le  beyond  explanation 
by  the  ordinary  laws  of  diffusion.  Tlus  interesting  subject  is 
discussed  by  Leonard  Hill  in  another  part  of  this  work^ 
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According  to  the  experimenta  of  Erogh,  the  pulmonary  respira- 
tion of  fnjgs  is  an  active  secretory  process,  but  the  cutaneous 
reapira.tloEi  ia  due  to  dlfiuHiOD  aluiie  ;  it  had  Imeu  prtivioualy 
ehown  by  Wayniouth  Raid  and  Hambly  that  the  transpiration 
of  carbon  dioxido  through  the  akin  of  the  frog  occurred  equally 
well  in  both  directions- 

From  the  analogy  of  the  secretory  procfiHsea  in  glanda,  it  would 
be  expected  that  the  secretory  activity  of  the  lunga  shoulil  be 
influenced  by  the  nervouB  system-  There  m  evidence  that  Auch  us 
the  case.  Maar  found  that  in  the  tortoioe  the  gaseoue  exchange 
depended  upon  the  tonic  influence  of  the  vague  nerves.  Section 
of  the  vagua  produced  an  increase  in  the  absorption  oC  oxygen  by 
the  lung  of  the  same  side,  and  a  decrease  in  th«  case  of  the 
op])o»it«  lung  ;  the  excretion  of  carbon  dioxide  showed  a  »imilar  but 
ludfl  marked  relationship.  Stimulation  of  the  vagits  produced  the 
Dppomte  eficcta.  These  changes  did  not  appear  to  bo  due  to  vaso- 
motor changes,  whereby  the  volume  of  blood  flowing  through  tha 
lungs  wQuM  be  altered.  The  results  of  siiuilar  experiments  upon 
wann-bloodet]  animals  are  much  more  uncertain,  for  it  ia  difficult 
to  separate  the  efiecta  produced  by  stimulation  or  section  of  the 
va^ua  nerves  and  to  decide  whether  the  ctianges  observed  in  the 
roapiratory  exchange  are  due  to  changes  in  the  activity  of  the 
lungs  or  alterations  in  the  flow  of  blood.  The  operative  pro- 
cedure for  thft  collectioi;  of  separate  samples  from  the  right  and 
left  lung  may  caally  introduce  serious  aourcee  of  error.  According 
to  the  leaearchca  of  Maar  and  Hcnriques,  the  vagus  doca  i.nfluence 
directly  the  secretory  activity  of  the  huLgs  of  warm-blooded  animals. 

The  influence  of  the  nervous  system  upon  the  secretion  of 
oxygen  by  the  awimming-hUdder  of  the  fish  has  been  clearly 
shown,  and  analogy  is  m  favour  of  a  ainiilar  action  in  the  lungs- 

A  still  further  piece  of  evidence  in  favour  of  the  secretory  theory 
is  the  great  capacity  of  the  pulmonary  tissue  to  reduce  alijsarin- 
blue  when,  as  in  Ehrlich^s  experiments,  it  is  injectod  into  the  UviDg 
body,  and  air  is  atiU  paasing  in  and  out  of  the  lungs 

The    body   of   evidence   has   thus   been   steadily   increa 
favour  of  the  secretory  theory,  especially  as  regards  t^ 
of  oxygen.     In  the  case  of  the  excretion  of  cftl 
evidence  ia  much  more  imperfect,  and  here  thi 
of  agreement  among  the  supporters  of  the  \ 
secreted-     The  witnesses  on  the  same  side  gii 
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Bohr  maintains  tliat  the  excretion  of  CArbon  dioxide  k,  in  part 
at  leaad,  an  active  procesd  ;  HalJane  and  Priestley's  reaulta  for 
the  regulation  of  the  ventilation  of  the  lun^s  support,  it  would 
eeem  fttrongly,  the  theory  of  difSusion  ;  "  the  teapiratory  centre," 
they  Btat«i  "  i^  exquieitely  aensitivo  to  any  rise  in  the  alveolar 
CO.  preaauti? ;  a  me  cf  0'2  par  cent-  of  an  atmoaphete  in  the 
alveolar  CO^  preasiire  being,  for  inatance,  sufficient  to  double  the 
amount  of  alveolar  ventilation  during  rest.''  Wliy.  it  may  bo 
askeii,  should  the  excretory  activity  of  the  lungs  not  be  effective 
agninat  this  0-2  por  cent,  of  carbon  dioxide ;  why  should  ths 
animal  respond  by  increEtsed  muscular  work  to  double  the  alveolar 
ventilation  if  it  were  not  to  reduce  by  diilusion  the  pressure  of 
carbon  dioxide  ? 

On  the  other  aide,  research  and  the  collection  of  evidence  have 
not  been  waQtiiig.  Locwy  and  Zuutz  (^')  have  recently  published  a 
long  aeriee  of  experiments  upon  the  reapirator}'  exchange  of  man 
at  high  altitudes  and  the  conditions  of  the  absorption  of  oxygen 
by  the  blood,  and  the  diCTiisiun  of  gaseii  thriiugh  the  lung  af  the 
frog.  An  account  of  some  of  these  experimenl^  lias  been  given 
in  other  parts  of  this  work,  and  it  is  only  neceasary  here  to  state 
their  conclusion  :— the  condilionfl  (or  the  diffusion  of  oxygen  from 
the  alveolar  air  into  the  blood  and  from  the  blood  into  the  tisenea 
are  so  favourable  that  a  sufficiency  of  oxygen  is  maintatned  thereby 
even  in  the  nio^t  rareiiBd  atmoapherea  winch  can  be  tolerated 
by  man. 

Although  so  much  space  has  been  given  to  this  ijueatioo, 
justice  has  not  been  done  to  its  fundamental  importance-  Further 
experiments,  further  discussions  are  needed,  for  the  only  con- 
clusion which  appears  to  be  justified  by  the  conflicting  evidence 
is  that  there  is  truth  on  both  sides,  that  the  gaseous  exchange  in 
the  lungs  ia  due  both  to  diiTu^ion  and  8ccretton.  Such  a  verdict 
may  be  unsatisf factory  to  those  who  hold  extreme  views  on  either 
side,  by  both  it  may  be  considered  as  a  confession  of  weakness, 
but  it.  is  consonant  with  the  evidence  and  with  the  wider  views  of 
thosii  who  do  not  liuiit  v italic ni  to  the  phenomena  of  living 
things  alone. 

Internnl  Respirfition.—lt  has  already  been  mentioned  that  the 
real  Bt'at  of  reBpiration  is  tlie  celL  This  js  proved  hy  the  condi- 
tion in  the  amplest  fonns  of  hie,  in  which  the  single  cell  ia  the 
orgnnitim,  and  even  the  most  complex  organisraa,  man  included. 
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are  nniceliular  in  t.Jie  earlieKt  stages  of  their  development.  The 
amixba  breathes,  but  poaaesbL'H,  hh  fur  jls  t\x  structure  caii  be 
determined  by  the  microscope,  no  part  eapecially  diiTerentiated 
for  rcapiiation  ;  gftaeoaa  exchange  appears  to  be  tt  fimdomental 
property  of  the  protoplasm,  and  appears  to  take  place  directly 
or  by  the  aid  cf  fermeata  ;  oxygen  is  absorbed  and  carbon  dioxide 
is  discharged  at  the  surface.  The  fertilised  ovum,  which  will 
ultimately  develop  into  a  man,  ap])earB  to  breathe  in  a  amilar 
manner.  The  living  cell  posaeaaes  a  great  affinity  for  oxygen,  and 
absorbs  it  from  the  fiurroimdiog  fluid  wbicb  contains  oxygen  in 
solution ;  by  its  chemical  activity  it  produces  carbon  dioxide, 
which  pEi!i!ies  into  the  surrounding  £.uid,  in  which  the  pressure  of 
tho  gas  is  leas-  Such  appears  to  be  the  process  in  the  umcelliilar 
organism.  Does  this  obtain  in  the  more  complex  organisms,  or 
do  they  acquire  witb  the  differentiation  of  structore  special  methods 
of  respiration  ?  Are  the  blood  ami  lymph  to  be  consideied  as 
simple  Tespimtoiy  media,  or  are  they  the  special  seats  of  the 
oxidattoTL  of  the  waste  products  of  the  tissueii  ?  Are  the  lunga 
only  mechani^imfi  for  the  veutilation  of  tbt:  inttsmal  medium,  the 
blood,  by  exposure  to  the  influence  of  the  (external  medium,  the 
inspked  air,  or  do  they  by  some  speeinl  form  of  activity  oxidise 
waate  products  carried  to  them  by  the  blood  1  These  are  ques- 
tions which  need  careful  consideration.  In  the  first  place,  the 
question  of  oxidation  in  the  blotxl  demands  attention,  fur  Lavoisier 
and  raany  of  the  earliest  invest Igatora  of  the  chemistry  of  respira- 
tion held  that  the  oxygen  breathed  into  the  lun^  combined  with 
the  carbon  contained  in  the  venous  blood  of  the  lungs  to  form 
the  carbon  dioxide  which  was  expired.  This  view  was  supported 
for  a  time  by  the  failures  of  many  observers  to  extract  any  gaa 
from  arterial  or  venous  blood,  results  which  have  already  been 
shown  to  be  due  to  defective  methods-  Blood  removed  from  the 
body  and  kept  from  contact  with  the  air  becomes  darker  in  colour, 
poorer  in  oxygsD^  and  richer  in  carbon  dioxide-  These  changes 
occur  at  the  ordinary  temperature  of  the  air,  but  are  delayed  by 
cold  and  f]uickeii"?d  by  a  temperature  equal  to  that  of  the  body ; 
the  oxidation  of  waste  products  removed  from  the  tissues  might, 
as  some  thought,  be  the  explanation,  but  more  modern  worlc 
points  to  other  causes.  Blood  is  a  tissue,  and  as  such  is  the  seat 
of  oxidation  ;  plasma  and  serum  do  not  show  the  same  oxidation. 
Putrefaction  is  the  most  imporlAut  cause  ;    it  quickly  occurs  in 


552 


THE  RESPIBATOBY  EXCHANGE 


the  «hed  blood,  aod  th^  bacterid  rapidly  oorunine  OTTgeri  mod 
produce  CArbon  dioxide. 

Experimcnte  ebow  tl\At  the  living  cells  of  the  ti»uee.  not  thv 
blood,  Are  the  se«ts  of  oxidAtion.  A  frog  wili  live  a  daj  or  two 
in  fin  almosph^re  oi  oxvgen^  after  iu  blood  has  bwn  washed  out 
ftnd  replaced  by  normal  eahne  solution ;  it  absorbs  oxygen  which 
is  in  aolntion  in  the  fluid  and  produced  carbon  dioxide.  The 
reopiratory  exchange  of  rabbitd  deprived  by  bleeding  of  on&-half  of 
their  bj^mcglobin  u  eqnal  to  that  of  the  aame  animala  before  the 
loss  of  blood  f }.  A  motise  can  live  in  two  atmospherea  of  oxygen 
when  the  oxrgen-carrying  powera  of  itd  red  corpuaclea  have  been 
thrown  out  of  action  by  carbon  monoxide ;  it  obtains  the  oxygen 
wliirh  it  needa  from  the  gas  which  is  in  solution  in  the  plaama. 

Tisanes  removed  from  a  recentJy  kiHed  aiumal  survive  for  a 
time,  bake  up  oxygen  and  diacbarge  carbon  dioxide^  Thia  gaseous 
exchange  variea  in  different  tiasuea,  is  Lncreaaed  by  heat  and 
diminiBhed  by  cold  ;  of  all  tissues  muscle  appears  to  be  the  moat 
active  seat  of  such  respiration.  The  criticism  applied  to  theae 
experiments  is  that  putrefactive  changes  occur  and  vitiate  the 
results.  This  no  doubt  holds  for  many  of  the  earlier  experiments, 
bu(  more  recent  work  by  Tissot  and  Fletcher  (^)  shows  that  it  ia 
possible  to  eliminate  the  intiuence  of  bacteria  and  to  investigate 
that  portion  of  the  respiratory  exchange  which  is  to  be  considered 
as  the  HLirvivsl  reapimtioti  of  the  tjfwues-  The  latter  observer 
baa  made  numerous  ex|>eriments  upon  the  couditiona  which 
induence  this  Hurvival  respiration  in  frog^a  mnacie.  The  discharge 
of  carbon  dioxide  from  an  excised  muscle  ia  incre&sod  during  oon- 
traeiion,  if  there  be  present  an  abundant  supply  of  csygan,  tha 
increase  being  roughly  proportional  to  the  nomber  and  strength 
of  contractions.  If,  however,  the  muscle  be  made  to  oontract 
in  air  or  in  nitrogen,  the  additional  yield  of  carbon  dioxide  b 
incomplete  or  absent.  Oxygen  poaaeaaes  great  power  of  delaying 
the  progressive  lose  of  irritability,  which  is  seen  in  an  exciaed 
muscle,  and  postpones  almost  indefinitely  the  onset  of  /ijor  mortu,| 

The  power  of  titmues  to  act  as  reducing  agents  la  welJ  known.' 
Ehrlich  found  that  ali&arin'blue  was  decolourised  by  the  living 
tiseuce»  but  regained  its  colour  when  the  tissues  were  exposed, 
to  air.  Tissues  placed  in  a  solution  of  oxy- haemoglobin  in  normal' 
aatine  quickly  reduce  it,  but  show  different  rates  of  action;  thua 
Bernstein  found  muacle  to  be  the  moat  effective,  and,  if  its  value 
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be  expressed  as  100.  the  relative  powers  of  ether  tissues  would  be, 
UvGT  8L'4T«  involuntary  moacle  73'4.  aad  mucous  membrane  of 
the  stomflch  57-Oo.  The  liings  had  a  very  feeble  power  of  re- 
duction, aad  in  thia  respoct  Bernstein's  results  show  an  int^roating 
difference  from  those  of  Bhrlich.'  If  a  frog's  heart  be  supplied 
with  solutions  of  fresh  blood,  the  reduction  of  the  oxy-hteinoglobin 
can  be  detenuined  with  the  apectroacope ;  working  with  this 
method,  Yeo  found  that  the  heart  during  contraction  reilucea 
the  Aolution  about  ten  times  as  quickly  aa  when  it  is  at  rest. 

There  is,  however,  one  criticism  which  l'*  effective  against  all 
such  expenmenba  upon  surviving  Usauca  :  there  ia  no  ^^irculatioEi 
of  blood  to  carry  oxygen  to,  and  remove  carbon  diosJde  frooi, 
the  cellB  which  lie  in  the  deeper  parte  of  the  organ  ;  diffusion  will 
only  occur  readily  at  the  surfaces  of  eipoeure.  This  abnormal 
condition,  especially  the  lack  of  oxygen,  will  result  in  disordered 
metabolism.  This  difficulty  la  to  a  certain  extent  overcome  by 
the  method  introduced  by  Ludwig ;  an  artificial  circulation  of 
blood  is  maintained,  and  the  gaseous  or  other  changes  in  the  blood 
are  determined.  The  results  ao  obtained,  however  interesting 
they  may  be,  caimot  be  considered  normal,  for  the  organ  has  been 
removed  fnim  the  control  of  the  antral  u<?rvous  syatem  and  from 
the  influence  of  that  interaction  of  orgaiia  which  is  so  well 
demonstrated  by  the  ^^  internal  ftccretions  ** :  the  orgau  may  bo 
said  to  be  in  a  living  condition,  or  with  more  truth,  perhaps,  in  a 
living  death;  but  the  chemical  changes  exhibited  cannot  be  eon* 
sidered  to  represent  truly  the  condition  in  the  intact  organ  witbin 
the  buly  of  a  living  animal.  The  blood  used  for  the  artilicial  cir- 
CLilabion  must  be  deprived  of  its  poster  of  coagulation,  and  many 
of  the  means  employed  for  this  purpose  are  known  to  alter  the 
nature  of  the  blood  as  a  respiratory  medium.  The  respiratory  ex- 
change of  an  e^ei^d  Tnasu  of  muacleSr  such  as  those  of  a  limb,  rises 
and  falls  with  the  external  temperature  ;  a  similar  group  of  muselea 
in  an  inact  mammal  would  be  iu^ueoced  by  the  iit^rvous  regulation 
of  temperature,  when  the  animal  was  exposed  to  changes  of  tempera- 
ture, and  would  show  respiratory  changes  in  an  opposite  direction. 

Notwithstanding  theae  Limitations,  which  most  be  borne  in 
miiidj  the  method  of  perfusion  has  yielded  important  rpsulte  ;  it 
has  been  shown  thereby  that  dsaues  have  the  power  of  taking  up 
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axw^BSk  vad  nnBmn^  iMM  —***■■  ■■■  Scfamiedrbo^  found 
l^as  blood  aIoo£  pmdaLM  no  aiyw^bfe  gtidmon  of  benzyl 
afeoU  m^C^CH^OH)  «iid  ftUe&jife  of  »&C7&  add 
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bat  if  tbe  blood  coatAniiag  one  or  otko-  erf  ihtat  sabstuMses  is 
Dttde  to  cirmlate  dmm^  a  fRoklr  exdord  kidoer,  conaiderablo 
iinuitmo  of  bnuoic  idd  (C^CO  J[V  or  of  nbcy^  km! 
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&■  Uke  oue  ma  V  bet  uc  prodnced. 

A  better  method  tbui  Lndwif^a  ia  the  ex»mimitioD  of  aamplea 
of  the  utenal  blood  entering  and  of  the  Tenons  blood  lemving  an 
organ  m  the  Ining  animal ;  beie  the  condttiODS  approach  more 
nearly  the  normal,  and  the  respiratory  exchange  of  the  oi^;aji 
can  be  investigated  nnder  difiercnt  general  or  local  conditdons. 
In  this  way  the  effect  of  the  contraction  of  a  gronp  of  mnacles 
upon  the  gaseous  contents  of  the  blood  which  flows  through  them 
has  been  investigated  by  various  obeervers :  the  percentage  of 
oxygen  in  the  venous  blood  is  much  diminished  and  the  carbon 
dioxide  is  increased,  notwithstanding  the  increase  in  the  volume 
and  velocity  of  the  blood  which  circulates  through  the  active 
moacles.  The  following  table  gives  the  reaolts  of  such  eiperiments 
made  by  Sczelkow,  Chauveau  and  Kaufmann,  Hill  and  Nabarro-{^) 


liM. 


inflt^n-DCK  Ijciv^n  ibr  VenoiiB  kbit  An«ri>L  Blood 
ValnDitA  pirT  C4UL- 
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The  diHerencce  in  the  gaseoua  eicbange  are  multiplied  by  thrwj 
in  order  that  allowance  may  be  made  for  the  increase  in  the  rate 
of  the  flow  of  blood  through  the  artive  muscles. 

Ilill  and  Nabarro  aUn  investigated  the  rei^plratorj  exchange 
of  the  brain  by  a  compariaon  of  aamplea  of  blood  taken  from  the 
carotid  artery  and  the  torcula  Herophili.  The  following  table 
^ye9  the  average  difiereacea  between  the  gases  of  the  blood  in 
the  deep  femoral  vein  and  the  carotid  artery,  and  between  those  in 
the  turcular  Herophili  azid  tlie  tarotid  artery,  of  dogs  in  the  condi- 
tion of  morphia  anceatheaia,  and  during  the  iomc  and  clonic  atogee 
of  epileptic  tita  evoked  by  the  iutravcnoua  injection  of  essential 
oil  of  abainthe. 


> 


HcrrpbLa 
ADHliligiUL 

TVHiid 
SUff  c  ol  Fit. 

BUfft  of  riL 

+  3*7 
+  a'7fi 

-3  4a 
-laea 

+4'06 
+  13-00 

-4-8* 
'13-75 

tS'99 
+  ]fi-33 

-4-31 

-iB-flS 

The  figures  show  that  the  respiratory  exchange  of  the  brain  ia 
vary  low,  and  is  but  little  increased  during  the  stages  of  an 
efdleptic  6t.    The  contrast  with  the  muacles  ia  mo^t  marked. 

The  respiratory  exchange  of  glands  may  be  illustrated  by  the 
experiments  made  by  Barcroft  ('*)  upon  the  submaxillary  gland  ;  he 
compared  the  quantities  of  OTcygen  and  carbon  dioxide  in  samples 
of  venous  blood  from  the  resting  gland,  venoua  blood  from  the 
active  gland,  and  arterial  blood  from  the  femoral  artety.  The 
quantity  of  oxygen  taken  up  from  the  blood  is  about  0-25  ex^ 
per  m^inute  in  the  condition  of  rest,  and  08G  cai.  per  mimite  when 
the  activity  of  the  gland  has  been  evoked  by  stimiilation  of  the 
chorda  tympani  nerve  :  the  corresponding  values  for  the  dis^ 
charge  of  carbon  dioidde  are  0-27  c-c,  and  O'&T  c.c.  Aft*r  an 
injection  of  auflicient  atropin  to  patalyae  the  secretory  flbrea  of 
the  chorda  tympani,  the  intake  of  oxygen  by  the  gland  b  not 
increased  by  stimulation  of  the  ncrvu ;  the  output  of  carbon  dioxide^ 
on  the  other  hand,  ia  greatly  increased,  at  least  for  a  timen 

Barcroft'a  experiments  show  how  complicated  are  the  pheno- 
tuena  which  have  to  be  inveatigatcd.    The  venous  blood  which 
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flows  from  the  aabimxillMy  gland  during  atamuktion  oE  the 
ohord*  tympani  nerve  oontains  a  snialler  percenti^  of  water 
than  the  aiteiial  blood  \  after  the  first  minute  of  Btimulation  the 
water  toet  from  the  blood  exceeds  in  volume  the  saliva  secreted. 
The  oinmlation  of  the  blood  through  the  gland  dnniig  activity 
is  about  six  times  as  Ust  as  daring  rest.  AiUEsthetics  and  leech- 
axtraot  alter  the  gaseous  contents  of  the  blood.  All  these  factors 
hav«  to  be  taken  into  oonsideratioD. 

Experiments  made  by  Baicrolt  and  Brodie  (^)  have  ^wn  that 
the  production  of  a  dionns  »  acoompaaied  by  a  mariced  increaoe 
in  the  absorption  of  oxygen,  but  do  change  in  the  discharge  of 
carbon  dioxide.  Barcroft  and  Starling  (^  have  foond  that  pan- 
creatic aecretioQ  ia  accompanied  by  an  increased  absorption  of 
oi^^en^  and  this  takca  plan,  ahhou^  the  rate  of  the  fiow  of  blood 
Uuotigh  the  o^an  may  be  sometimes  greater  and  sHDctimeB  less 
than  in  the  condiuon  of  resL  nne  b  im>  doubt  that  by  similar 
e^kuiments  mndk  will  be  leainl  about  the  reqaratofT  exchange 
of  the  diffennt  otfans  of  the  body.  It  is  known  that  the  gaoeoas 
exchange  b  moA  active  in  mm»  organs  t^an  in  oUiax,  and  even 
in  the  same  organ  varies  at  difietvnt  times  acrwdlag  to  the  condi- 
tioB  of  ardvirr^  A  staitr  of  the  Fesfarstory  qwoCient  has  shown 
that  daring  hibenatsoa  oxygen  may  be  abmrbed  wtthoot  a  corrc- 
ymding  disrhaige  of  envbon  Jfamie ;  dtaring  fai^ning  the  great 
movav  m  the  owtpnt  oJ  carKw  i^vtsir  e  azanwipuurd  by  an 
e^aiT&knt  ahMq<k«  ^^'  \\KT^ee« :  :^  Ui«  icrz:iK  faM-  ttk^re  is  a 
great  tvdttrtk«  ia  the  ai^ajcttk;  aai  fjanixikr  activity  of  the 
kody.  i&  1^  knvT  i^  irJaai-Bttr  ^cKs-jij  a-  eszw-^y  a^tirmentrd^ 
TW  rKrtrsuvy  ^^v*at^\  oC  t^  ^a-xtraal  t^-rr-rr^  jutst^  ihovfore, 
b*  ooet»iemvi  a»  1^  iwv^^aiA  oif  ijv  -wctcss^cy  cs.xjf=:i  of  the 
wmovnr&t  o««anf^  mm  a  v  nv^^ti^w  taisa  laarst  c3k  in  the 
vanratt  ooDUf!^  abi  « wql  v.  t^  samr  •trpK^  ^vroic  ^^^i  aiii  activny. 
It  m&T  W  tliai  whm  «-cc<a»»  ^vn^tv  ^  wsn  TCvAxa."^  w^ic^  arc 
fMCtwi  r*^  TJ«t  >y  ti*  >i*,x>£  «ivi  "has  ^is«w£  li^.^a^  other 

tJj^  ftaTtfSv   i-c-  tii*T  ifni  ^ai   ih4   fcWiirTCara:   tc  /.ryijfa  uki  ihe 

wa&l  TKirLTU-^Tr  MT^'thajtcv  a:  iJv  kv:'       tj»fjr  ?eRuJ»  a:^,  bow- 
•<wc.  ^^:rt  i*fcr»>iW^  TaiWiTit    P-f^n   .'   w    ftf   iw   .iflifi     &3ii  a^  bv 
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It  remaina  to  tourh  briefly  upon  the  qnestion  whetteT  the 

reapiiBtory  excliangf  ia  effected  hy  the  living  cell  through  the 
ftgencj  of  ferments.  The  work  of  Schnuedeberg  has  Edrcody  been 
mention&d,  and  further  research  along  the  same  lioea  hoA  in  recent 
years  demonstrated  that  different  intracellular  fennenta  with  the 
power  of  oxidising  special  substances  are  widely  distributM  in 
animal  and  vegetable  tiasucA.  These  fermenta,  which  are  called 
o^rdaaes,  are  present  in  different  amounts  in  different  ttaauea, 
and  J&cquet  haa  found  that  estracla  of  organs  free  from  ccUa  can 
still  oxidise  aldehydes.  The  chemical  constitution  of  the  oxydases 
is  unknown ;  it  is  not  apparently  that  of  proteid^  or  nncTeo- 
ptoteida.  Future  work  must  sliow  whether  respiratory  exchange 
ia  a  complex  pnx^eas  due  to  oxidising  and  reducing  fermenta- 

TfK  Causes  0/ the  Gaseous  EjxUtngt  bettoren  the.  Blood.  Ltftaph, 
and  Tissue. — The  lymph  acts  as  the  meana  of  transport  between 
the  blood  and  the  tissues  ;  it  carries  oxygen  to,  and  carbon  dioxide 
from,  the  tiaanea.  On  the  theory  that  this  gaaeoua  exchange  is 
a  proop.ss  of  diffusion,  it  would  be  expected  that  the  partial  pressure 
of  oxygen  should  show  a  descending  scale,  Erhat  of  carbon  dioTtide 
an  ascending  scale,  through  the  blood,  lymph,  and  tisauea.  Thia 
it  is  difficult  to  prove  experimentally,  for  it  ia  tmpoaalble  to  an- 
alyse the  lymph  lying  between  the  capillary  blood -veaselfl  and  the 
tiHsues,  where  the  actual  tranKference  of  gaaes  occurs.  The  lymph 
for  analyus  must  be  collected  from  some  large  lymphadc  vessel, 
such  aa  the  thoracic  duct,  and  during  its  sluggish  flow  from  the 
lymph-spaces  to  such  a  large  vessel  the  lymph  will  have  been 
exposed  to  the  action  of  the  blood  circulating  in  the  surrounding 
vesaels,  and  thuH  some  gaseous  interchange  may  occur. 

LytTiph  CA)!kLaLQS  uidy  traces  of  oxygen,  bat  a  large  (quantity 
of  carbon  dioxide,  according  to  Hammaraten^s  analyses  01  volume 
per  cent,  of  oxygen,  376  of  carbon  dioxidcn  and  1'6  of  nitrogen* 
The  transference  of  gas  depends  not  upon  the  quantity  but  the 
partial  pressure  of  the  gas.  Strassburg  found  that  the  partial 
prwwure  of  the  carbon  dioxide  in  the  lymph  was  iiit^rmMiate 
between  the  values  obtained  for  the  arterial  and  venmiB  bliKxi  ; 
GauLe,  on  the  other  hand,  obtained  values  higher  than  that  for 
the  venous  blood. 

In  the  case  of  oxygen  there  is  a  descending  series  from  the 
high  pressure  of  the  gas  in  the  arterial  blood  down  to  the  tissues 
where  the  partial  preiffiure  on  account  of  the  great  reducing  activity 
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flowH   from   the   Hubmaxillftiy  gland  during   Htimidation   of  the 

i:liorda  tympani  nerve  cont&inH  a  smaller  percentage  of  water 
than  the  artcri&l  blood  ;  after  the  ^t  ininute  of  Btimulation  the 
water  bet  from  the  blood  exceeds  in  volume  the  saliva  secreted. 
The  circulation  of  the  blood  through  the  ^land  during  activity 
is  about  six  times  &s  foat  as  during  reet.  Anaesthetics  and  leech' 
extract  alt^r  the  gaseous  contents  of  the  blood.  All  theae  facton 
have  to  be  taken  into  considtf ration. 

Expenmenta  made  by  Barcroh  and  Brodie  (^)  have  shown  that 
the  production  of  a  dioresia  i&  accompanied  bj  a  marked  increase 
in  the  absorption  of  orygen,  but  no  chaoge  in  ihe  discharge  of 
carbon  dioxide.  Barcroft  and  Starling  (^}  have  found  that  pan- 
creatic secretion  ia  accompanied  by  an  increased  absorption  of 
cxygeo,  and  this  takes  place,  although  the  rate  of  the  How  ai  blood 
through  the  organ  may  be  sometinvcs  greater  aod  sometimes  Jeos 
than  in  the  condition  of  rest.  There  is  no  doubt  that  by  minilar 
experiments  much  wiU  be  leamt  about  the  reapiratory  exchftngo 
of  the  different  organs  of  the  body.  It  is  known  that  the  gaaeouB 
exchange  is  more  active  iu  some  orgaua  than  in  others,  and  even 
in  the  same  organ  varies  at  different  times  according  to  the  condi- 
tion of  activity.  A  study  of  the  respiratory  quotient  has  shown 
that  during  hiberaatioD  oxygen  may  be  absorbed  without  a  corre- 
sponding discharge  of  carbon  dioride;  during  fattening  the  great 
increase  in  the  output  of  caxhon  dioxide  is  unaccompanied  by  «i|| 
equivalent  absorption  of  oxygen  ;  in  the  former  cose  there  is  &] 
great  reduction  in  the  muscular  and  glandular  activity  of  the 
body,  in  the  latter  the  glandular  activity  is  eGpecially  augmented. 
The  respiratory  quotient  of  the  normal  animal  must,  therefore, 
be  considered  as  the  resultant  of  the  respiratory  quotient  of  the 
component  organs,  and  it  is  probable  that  these  differ  id  th.e 
various  organs,  and  even  in  the  same  organ  during  rest  and  activity. 
It  may  be  that  some  organs  oxidise  the  waste  products  which  are 
carried  to  them  by  the  blood  which  bos  passed  through  other 
parta.  Soch  a  fimction  Bohr  arid  Henriques  would  ascribe  to 
the  lungs,  for  they  Qnd  that  the  abnurption  of  oxygen  and  the 
production  of  caiboo  dioxide  by  the  hmgs  is  about  one-third  the 
total  respiratory  exchange  of  the  body ;  their  results  are,  bow- 
over,  very  variable,  ranging  from  0  to  66  per  cent.,  and  as  by 
their  method  they  failed  to  obtain  the  average  rate  of  metaboUam 
during  the  whole  experiment,  their  conclusions  cannot  be  occepteid^ 
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It  remaina  to  touGh  briefly  upon  the  queation  vrhethor  the 
reapiratory  exi^hange  la  effected  by  the  living  ceM  through  the 
figenny  cf  ferment^-  The  work  nf  Schmiedeberg  has  already  been 
mentioned,  and  further  research  along  the  s&me  lineB  hda  in  recent 
years  demonstrated  thfit  different  intraceilular  ferments  with  the 
power  of  osidising  special  HubatanceB  are  widely  distributed  in 
animal  and  vegetable  tisaues.  These  fennenta,  which  are  called 
oxydases,  are  present  in  different  amounts  in  different  tiasueB, 
And  3m.:*i\iet  has  found  that  extracts  of  orga^ks  free  Eroni  celk  can 
etilt  oxidise  aldehydes.  The  chemical  constitution  of  the  oxyduea 
ia  unknown ;  it  is  not  apparently  that  of  proteids  or  nucleo- 
proteids.  Future  work  must  show  whether  reepiratory  exchange 
b  &  complex  process  due  to  oxidieing  and  reducing  ferments. 

The  Causes  nf  the  Gaseous  EiehanQe  between  tJie.  Blood,  Lifmph, 
tijut-  TiHSue^. — The  lymph  acts  as  the  means  of  traraport  between 
the  blood  and  the  tiesuea  ;  it  canies  oxygen  to,  and  carbon  dioxide 
from,  the  tissut^B.  On  the  theory  that  this  gaseous  CKehan^  in 
a  process  of  diffusion,  it  would  be  expected  that  the  partial  preAaure 
of  oxygen  should  show  a  descen[l]ng  scale,  that  of  carbon  dioxide 
an  aflcending  scale,  through  the  blood,  lymph,  and  tissues.  This 
it  is  difficult  to  prove  experimentally,  for  it  is  impouible  to  an- 
alyec  the  lymph  lying  between  the  capillary  blood-veaaela  and  the 
tisauea,  where  the  actual  transference  of  gases  occurs.  The  lymph 
for  analysis  must  be  collected  from  some  large  lymphatic  vessel, 
mich  as  the  thoracic  duct,  and  during  its  ainggiah  flow  from  the 
lymph-apacea  to  such  a  large  vessel  the  lymph  will  have  been 
exposed  to  the  action  of  the  blood  circulating  in  the  surrounding 
veaseb,  and  thua  some  gaacoua  interchange  may  occur. 

Lymph  contains  only  tracea  of  oxygen,  but  a  large  quantity 
of  carbon  dioxide,  according  to  Hammarsten'a  analyse.^  0-1  volume 
per  cent,  of  oxygen,  37'5  of  carbon  dioxide,  and  16  of  nitrogen. 
The  tranaference  of  gas  depends  not  upon  the  quantity  but  the 
partial  pressure  oE  the  gas.  Strasebuig  found  that  the  partial 
pressure  of  the  carbon  dioxide  in  the  lymph  was  intermediate 
between  the  values  obtained  for  the  arterial  and  venous  blood ; 
Gaule,  on  the  other  hand,  obtained  valnea  higher  than  that  for 
the  venous  blood. 

In  the  case  of  cxygen  there  ie  a  descending  series  from  the 
high  pressure  of  the  gas  ia  the  arterial  blood  down  bo  the  tiwuea 
where  the  partial  pressure  on  account  of  the  great  reducing  activity 
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of  the  tisaueB  is  exceedingly  atnalJ  or  even  absent  altogether.  The 
tlsaue.3  are  const&ntlj  j)rodncLiig  carboT)  dioxide,  and  here  the 
pressure  of  thi*  gas  appeara  to  be  the  highest  iii  the  hody.  If  pure 
air  be  injected  into  a  ligatured  portion  of  the  intestine  of  a  living 
aniraftl.  And  then  after  a  short  time  the  gas  be  removed  and 
analysed,  the  partial  pressure  of  carbon  dioxide  will  he  found 
to  have  risen  from  aero  to  7-7  per  cent,  of  an  atmosphere.  This 
was  the  result  obtained  by  Straseburg,  and  it  haa  been  rsL-eiitly 
eonfirmed  hy  Boycott.  (^*)  who  found  that  if  successive  otjserva^ 
bion*  be  made,  the  prewure  of  carbon  dioxide  soon  rcachefl  a  level 


m^   to  so  4f   so  ££f  yc   BO  so  too  TKf  lio  jart  MC  isc 


Fia.  33.— Prv&euro  <if  Ocyifan  m  "Do^'s  BI<ki4  at  3^  vitb  dlSurenb 
PrtMarei'of  Carbop  Dioxide  {Bokry 


whieh  IB  mftintjLined,  at  any  rate  for  «onw  hours.  The  balance 
appears  to  result  from  the  continual  production  of  the  gas  by  the 
tJsaiiea,  for  it  is  greater  if  the  blood-veseela,  which  supply  the 
intcatine,  have  been  previously  ligatured.  Such  a  value  for  the 
partial  preoaure  of  carbon  dioxide  in  the  tisanes  ia  supported  by 
the  experiments  made  by  Strassburg  and  by  Ewald  upon  the  partial 
preaaure  of  the  gas  in  urine,  bile,  and  various  pathological  ejuda- 
tioua  ,  preHSurca  varying  from  T  to  12  per  cent,  of  an  atLHoaphere 
were  obtained- 

Other  factora  may  coma  into  play-  It  bas  alreadv  been  men- 
tioned that  Bohr,  Haaeelbach,  and  Krogb  found  that  the  preaautfl 
of  carbon  dioxide  alters  the  disaocifltion  curve  of  oxy-hromoglobin  \ 
bhia  would  have  an  important  induence  upon  the  transferBnce  of 
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gas  during  internal  respiration,  for  the  increasing  carbon  dioxide 
in  the  capiilary  bltxxl' vessels  would  raise  the  partial  pressure  of 
oxygen  and  maintain  it,  when  the  quantity  o(  the  gaa  was 
diminishing-  The  production  of  lactic  acid  during  muscular  work, 
when  the  supply  of  oxygen  ia  inautficient,  would  act  indirectly  in 
a  similar  manner,  for  it  wou]d  increase  the  pressure  of  carbon 
dioidde.  The  breathing  of  carbon  dioxide  may  thus  be  useful 
in  caatH  where  the  aupply  of  oxygen  t-o  the  tiasues  ia  insuificient. 
for  the  preasnre  of  oxygen  would  be  raified,  and  thus  more  would 
be  rendered  availabli?  for  abeorption  by  the  tissues.  The  con- 
centration of  the  blood  during  its  passage  through  active  organs 
would  ftUo  raise  the  pressure  of  the  oiygen  in  the  blood  of  the 
capilLane^i  and  Bohr  maintains  that  the  alteration  in  the  '^  specific 
oxygen  capacity "  of  the  blood  during  its  flow  through  the 
capillarioB  will  also  act  in  a  similar  favourable  manner. 

The  part  which  ie  played  bj^  such  factors  and  by  the  intra- 
cellular  ferments  in  the  procesaes  of  internal  respiration  must  be 
determined  by  future  reAejirch.  The  little  that  is  known  at  present 
is  exceedingly  interesting  and  suggestive  m  comiectiou  with  many 
physiological  and  pathological  probloma.  Internal  respiration  is 
probably  a  far  more  complex  process  than  it  appeared  to  be  only 
a  few  years  ago. 

Thp  Reguiatiim  of  Rcsjiirtition  xn  Henlfh  and  JJwfnjf. — -It  might 
appear  that  the  oxidation  of  the  body  is  determined  by  the  amoimt 
of  combiLstible  material  and  the  supply  of  oxygen,  for  the  activity 
and  vaacularity  of  an  organ  are  ao  closely  aaaociated  that  under 
ordinary  con<litions  they  are  inseparable.  The  nunierous  experi' 
ments  upon  internal  respiration  show,  however,  that  the  condition 
of  the  cells,  not  the  supply  of  oxygen,  determines  the  process  of 
reapiiation  both  as  regards  the  absorption  of  oxygen  and  the  dis- 
charge of  carbon  dioxide ;  the  animal  ia  able  to  vary  the  supply 
of  oxygen  and  the  removal  of  carbon  dioxide  according  to  ita 
needa. 

In  the  preceding  chaptera  ample  evidence  baa  been  given  of 
the  variations  in  the  reflpiraf<iry  exchange  of  the  whole  hi>dy  and 
of  its  several  parts  under  diffen^nt  physiological  conditions,  but 
so  far  the  regulation  of  the  ventilation  of  the  lungs  according  to 
the  needs  of  the  organism  has  not  been  oonsiderad-  This  ia  a 
subject  of  the  greatest  practical  importance  to  the  phyaician,  for 
he  is  forced  by  the  exigencies  of  his  practice  to  gauge  the  n^spira- 
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torj  exchange  of  his  patient  indirectly ;  he  obscrvea  the  rate  &nd 
dupth  of  the  respiratory  movements  and  the  coiour  of  the  face 
and  extreinitiea,  and  hence  draws  conclusions  concerning  the 
intake  of  0];ygen  and  th4*  output  of  <!arbnn  dioxide. 

It  will,  therefore,  not  be  aciiM  to  consider  here  in  some  detail 
the  meana  whereby  the  ventilation  of  the  lunga  \s  regulated.  In 
the  first  place  arises  the  prohlem  oE  the  hret  breathy  which  has  long 
exercised  the  minds  of  physicians,  lawyers,  and  theologiana,  and 
is  stil!  incompletely  solved.       What   are   the  causea   of  the   first 

tiration  at  birth  ?  The  fnetiis  ha^  breathed  for  uoiiihB  by 
meanfl  of  the  gaseous  eschonge  whicli  occura  in  the  placenta ' 
between  its  blood  and  the  motemal  blood ;  at  birth  the  infant 
is  obUged  to  ventilate  iU  lunga  in  order  that  it  may  brofttho-  The 
moat  natural  sttniLilua  would,  therefore,  appear  to  be  want  of 
oxygen.  Is  lack  of  oaygen  or  accumulation  of  carlion  dioxide  the 
£trmnlus  which  aebs  in  rhythmic  activity  the  respiratory  muscles, 
which  froLn  a  condition  of  apparent  inactivity  daring  intrauterine 
life  enter  upon  a  course  of  rhythmic  activity  which  will  e-easo  only 
with  hfe  itself  ?  Does  the  stimulus  only  become  effective  at 
birth,  or  has  it  been  present  in  a  weak  form  during  fcetal  life  ? 
Have  the  respiratory  muscles  been  exercised  during  the  last  montha 
of  intrauterine  life^  and  therebj'  prepared  for  the  activity  they 
assume  at  birth,  or  has  the  condition  of  the  fcetus  been  one  of 
continual  apnosa  I 

A  cause  other  than  the  venosity  of  the  blood  has  been  stron^yj 
advocated  by  BOioe  observers.  During  intrauttrine  life  the  fcetufll 
Hea  in  the  warm  amniotic  ^uiii,  which  shields  both  it  and  the 
mother  from  injury ;  at  birth  the  infant  ia  exposed  and  is  cooled 
even  in  a  warm  room  by  the  evaporation  of  the  liquid  covering 
ita  body ;  this  cooling  ia  said  to  be  the  Htimulua  which  starts  the 
first  breath.  An  undue  importance  has  been  given  to  thia 
supposed  cause.  An  infant  bom  in  the  tropica  drawa  it^  first 
breath  as  readily  as  one  bom  in  a  temperate  cUmate  or  in  the 
arctic  regions.  Numerous  cases,  moreover,  are  on  record  which 
show  that  breathing  by  the  lungs  may  commence  when  only  the 
iiead  is  bom,  or  even  when  the  head  is  in  the  genital  canal.  Infanta 
and  young  aninali;  have  been  Jioni  atid  have  drawn  their  first 
breaths  inside  the  intact  firtal  membranes.     It  is  equally  ccrtaia 


^  See  page  56Q. 
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tliat  in  cases  of  veiy  protracted  labour  the  full-term  ftPtus  has 
giren  reapirator7  movemcEto  in  the  uterus  itself,  for  after  death 
amniotic  fluid,  f<£tal  hair  or  lanugo,  e-nd  meconium  kavc  been 
found  in  the  trachea  and  bronchi.  Newly  born  infiinta  and 
animals  often  do  not  draw  their  first  breath  for  several  seconds, 
it  niay  be  two  minutes,  after  hirtih,  notwithalanding  i\\e  expoBure 
of  the  body  and  the  absence  of  any  injury.  Ahlfeld  (^')  haa  shown 
that  infante  delivered  into  a.  bath  at  the  temperature  of  the 
mother's  body  do  not  delay  their  first  breath. 

PreyeT(")  maintained  that  the  true  cause  of  the  first  respira- 
tion was  cutaneous  aiimulation  in  some  form  or  other^  that  venoBity 
of  the  blood  in  itself  waa  no  atimulua  to  the  respiratory  centre 
in  the  medulla  oblongatat  although  to  a  certain  extent  it  raised 
the  excitability  of  the  centre  for  the  cutaoeoUH  atinauU,  The 
evidence  againat  this  view  has  already  been  given  so  far  aa  aen»a- 
tionA  of  cold  aie  concerned  :  a«  regards  mechanical  fitimulation 
it  13  well  known  that  if  the  placental  circuhtion  be  intact,  the 
fuU'term  f<ptua  may  be  3ubjected  to  much  manipulation  in  caaea 
of  complicated  labour  or  false  pre^ntations  without  anv  danger 
of  causing  it  to  brpjithe  prematurely  within  the  cavity  of  the 
uterus.  Cobnateio  and  Zuntz  removed  a  fcetal  aheep  from  the 
utonia  without  damage  to  the  placental  circulation  :  stimulation 
of  the  aMn,  even  blowing  air  into  the  rtoatrLls,  did  not  cause  it  to 
draw  a  breathy  but  only  evoked  general  reflex  movementa.  The 
ature  lamb  sucked  the  cxperinjenter*s  finger  when  it  was 
d  in  its  mouth,  and  from  time  to  time  spontaneously  moved 
its  body,  but  it  did  not  draw  a  ainglo  breath  until  the  umbilical  cord 
waa  tied,  when  it  forthwith  commenced  to  breathe- 

Cutaneous  stimulation  may  lie,  atid  probably  is,  an  accessory 
cause  of  the  first  breath,  but  it  ia  obvious  that  others  inuat  be 
the  effective  ones.  An  increase  m  the  carbon  dioxide  or  a  decrease 
in  the  oxygon  of  the  blood  will  act  as  a  stimulus  to  the  respiratory 
centre.  Such  a  condition  will  occur  when  the  infant  is  bom  and 
the  umbilical  cord  is  severed.  During  the  lust  stages  of  labour 
the  placental  circulation  ia  disturbed  but  docs  not  cease,  for  the 
amniotic  fluid  behind  the  body  of  the  fcetua  will  prevf^ut  the 
obliteratioD  of  the  cavity  of  the  utenu  and  the  complete  separa^ 
tion  of  the  placenta  If  an  increase  of  carbon  dioxide  and  a 
decrease  of  oxygen  in  the  blood  be  the  fitimuli  fi^r  re t^pi ration, 
one  would  expect  them  to  be  Bometimca  effective  dttfing  the  later 
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Bbflgefi  of  ftetal  life,  and  feeble  reapiratory  movemenU  might  occur 
within  the  uterus.  The  sudden  asaumption  b7  the  reapiratory 
centre  of  th<r  capacity  to  send  out  rhythmic  impulses  to  which 
the  respiratory  muscles  adequately  reapund  has  appeared  a  great 
difficulty  to  some  ohsi-rvcrs,  for  it  was  one  of  those  leaps  by  which. 
Nature  is  aaid  never  to  proceed,  Againet  this  might  be  btought 
the  suckling  power  of  the  newly  bom  infant,  were  it  nob  for  the 
fact  that  there  is  evidence  that  the  fcettia  sueks,  or  at  least 
frequently  swallows  amniotic  fluid  during  its  intrauterine  life. 
May  it  not  be  that  the  rcepiratory  centre  as  well  as  the  respiratory 
muAcles  grarlually  oaaume  the  power  of  rhythmic  activity ;  that 
feeble  reapiratiiry  movements,  aufficient  onJy  to  suck  in  and  drive 
out  a  little  amniotic  fluid  or  mucus  from  th€  naso-pharynXf  ara 
present  as  a  response  to  any  considerable  change  in  the  pressure 
of  oxygen  and  carbon  dioxide  during  the  l&9t  months  of  f(etal 
life  1  Even  if  a  little  amniotic  fluid  were  auoked  into  the  trache-a 
it  would  be  quickly  absorbed ;  it  is  sterile,  ia  not  toxic,  and  would 
cause  no  mechanical  diatiirljancej  for  the  foetus  is  breathing  by 
means  of  the  placenta.  It  la  poaaible  also  that  reflex  inlubition 
may  occur,  if  the  fluid  pcnetratea  too  far  into  the  naao-pharynx. 
Ait  lie  Id  has  desenhed  certain  intrauterine  movements  of  the 
fceiua  which  appear  to  be  due  to  the  contraction  of  the  respiratory 
muflcles ;  they  are  rhythmic  but  irregular  movementB,  with  periods 
of  greater  or  leas  activity,  and  vary  from  38  to  7G  per  minute ; 
they  can  be  felt  under  favourable  circumatancea  in  the  region 
of  the  mother's  navel.  In  women  in  labour  wtlh  their  firet  child 
it  frequently  happens  that  after  the  chlld^a  head  is  bonu  soma 
Be»xjnds,  or  even  a  minute  or  two,  elapse  before  the  body  is  exfielled 
by  another  forcible  contraction  of  the  uterus  and  muscles  of  the 
abdominal  wall.  During  thia  ahort  interval  rcepiratory  move- 
ments may  occur ;  in  the  noatrlU  may  be  seen  bubbles  of  mueua 
which  are  altenmtely  blown  out  and  sucked  in.  Thes«  respiratory 
movementa  are  of  a  very  auperfioial  nature,  and  may  bo  easily 
overlooked*  ao  that  the  medical  attendant  may  regard  as  the  first 
respiration  that  deep  breath  which  is  taken  after  the  body  ia  ex- 
pelledr  and  ia  bo  often  accompanied  by  a  general  movement  of 
the  whole  body  and  followed  by  a  cry.  Ahlfeld  maintains  that 
the  euper&cial  respirations  are  similar  to  those  intrauterine  niove- 
nients  which  he  and  his  pupila  have  investigated :  the  so-called 
first  breath  is  not  the  first  respiration,  but  the  hrat  deep  breath 
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hich  drftws  ftii  into  the  lungs.  The  respiratory  movements  of 
e  newly  bom  infant  are  irregular  in  frequency  and  deptb,  *nd 
are  often  interrupted  by  periods  during  which  no  breath  is  taken. 
The  average  number  of  rcapiratioJia  cannot,  therefore,  be  stated 
ith  exactitude  ;  it  appears  to  be  about  58  per  minute,  and  vnnes 
from  40  to  30,  Periods  of  apneas  and  of  waicing  and  waning 
respiration,  as  in  Cheyne-Stokea*a  breathing,  are  of  nonnal  occur- 
rence in  the  healthy  young  infant,  especially  during  sleep ;  the 
re^ar  sequence  of  respiration  is  not  acquired  until  infancy  is 
t.  The  excitability  of  the  respiratory  centre  appears  to  be 
low  in  both  the  foetus  and  the  infant,  Cohnstein  and  Zuntz  found 
that  the  addition  of  carbon  dioxide  to  the  inspired  wr  produced 
a  much  leaa  marked  increase  in  the  amphtude  of  the  respiratioiL 
of  the  newly  bom  animal  than  in  a  young  animal  a  few  days  old. 
The  condition  of  the  fcctal  blood  and  its  relatdoii  to  fcetal  8pn<£a 
irill  be  considered  in  the  neit  chapter. 

What  are  the  faclora  which  maintain  the  rhythm  of  respira- 
tioQ  when  once  it  has  started  ?  Are  the  same  factors  e^ctlT-o 
for  its  maintenance  and  regulation  as  for  its  commencement,  or 
is  some  other  influGcce  at  work  ?  To  these  qne^tiona  no  deeiflive 
answer  can  be  given,  for  the  opinions  of  physiologists  have  been 
aa  much  divided  upon  this  question  as  upon  the  cauoe  of  the  Srst 
breath  ;  here,  again,  the  two  rival  views  have  been  stimulation 
of  the  respiratory  centre  by  ohemjcal  changes  in  the  blood  and 
excitation  by  nervous  impulses  received  from  the  periphery.  The 
older  view,  that  the  reaplratory  movementa  are  regulated  by  the 
oompcaition  of  the  blood  flowing  through  the  medulla 
oblongata,  is  weil  founded  and  logical,  but,  since  the  pubUeation 
of  the  important  researebea  of  Bering,  Breuer,  and  Head  upon 
the  influence  of  the  vagu»  u(xDn  the  rhythm  of  respiration,  it  haa 
lost  favour  and  haa  been  abandoned  by  many  physiologists.  Tt 
was  replaced  by  the  theory  that  the  respiratorj'  movements  are 
eelf-r^ulating  reEex  actiona;  each  respiration  by  a  stimulation 
of  the  afferent  fibres  of  the  vagus  nerves  causes  the  centre  in  the 
medulla  oblongata  to  eend  out  expiratory  impulsee,  and  each 
erpiiation  in  a  similar  manner  causes  the  following  inspiration. 
The  vagus  nerve  contains  two  classes  of  afferent  Bbres,  stimula- 
tion  of  the  one  kind  Inhibits  inspiration  and  produces  expiration, 
Btimuiation  of  the  other  inhtbits  expiration  and  produces  inspiiH- 
tion.     By  "positive'*  ventilation  of  the  lungs  of  a  rabbit  a  con- 
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dition  of  expiratory  apncea  maj  be  produced,  evea  if  Hydropea 
be  used  to  ^stend  the  lungs;  hy  "  neg&tive "  ventiktioD  the 
dmphrngni  [&  tlirowu  into  a  condition  of  cootmued.  contraction. 
In  this  way  it  la  maintained  that  the  activity  oi  the  respiratory 
CKntro  under  nonnal  conditions  is  regaJated,  not  by  tlie  venoeity 
o£  tb&  blood,  but  reflerly  by  impulses  passing  up  the  vagi. 

There  is  no  doubt  that  the  wave  of  opinion  has  gone  too  far; 
new  work  and  new  evidence  often  produce  a  greater  effect  thap 
is  rightly  their  due,  and  thia  at  the  expense  of  older  work.  The 
balance  can  only  be  restored  by  yet  newer  work.  This  has  been 
Bupplied  by  the  importanb  research  of  Haldane  and  Priestley 
upon  the  regulation  of  the  ventilation  of  tJie  lungs  in  man,  Tteif 
experinienta  upon  the  compoaition  of  the  alveolar  air  have  already 
been  descnt>3d>  but  it  may  be  again  mentioned  that  they  found 
that  under  ordinary  atmospheric  pressure  the  alveolar  air  of  each 
indi^'iduR!  contains  a  practically  constant  percentage  of  carbon 
dioxide.  The  amalleat  increase  in  the  percentage  of  carbon  dioxide 
in  the  inapired  air  ia  accompanied  by  an  increase  in  the  ventila- 
tion of  the  limgr  sufficient  to  keep  constant  the  percentage  q£ 
carbon  dioxide  in  the  alveoli.  During  muscular  work  a  similar 
compensation  is  present ;  the  alveolar  ventilatifin  ia  increased  in 
proportion  to  the  extra  production  of  carbon  dioxide,  and  thus 
the  bj'perpncca  seen  during  muscular  exercise  can  be  wqtlained 
fta  a  response  of  the  respiratory  centre  to  the  rise  in  the  pressuro 
of  carbon  dioxide  in  the  arterial  blood-  Other  experiments  show 
that  apncea  depends  upon  a  fall  in  the  pressure  of  carbon  dioxide 
below  the  amount  which  wiL  stimulate  the  respiratory  centre ; 
thus  rapid  respiration  of  air  containing  sufficient  carbon  dioxide 
to  prevent  the  pressure  of  the  gas  in  the  alveoli  from  falling  below 
this  threshold  value  will  not  produce  even  a  short  apntsa.  It  ia 
unnecessary  to  assnme  the  existence  of  a  true  VEigua  apno?a.  for 
the  apncca  produced  by  distension  of  the  Innga  can  bo  explained 
by  the  lowering  of  the  preaauro  of  carbon  dioxide. 

There  is  mut^h  independent  evidence  in  support  of  these  views- 
Fredericij  proved  by  hia  well-known  experiment  with  a  crossed 
circulation  that  the  condition  of  apncca  produced  in  the  ood 
animal  by  nrtificifll  teapiration  performed  on  the  other  is  not  due 
to  a  rise  in  the  pressure  oE  oxygen  in  the  blood,  but  to  a  fall  ia 
the  pressure  of  carbon  dioxide.  Moaso  has  shown  that  in  man 
A  abort  apnoea  can  be  produced  by  a  deep  inspiration  of  hydrogen. 
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but  not  of  carbon  dioxide.  The  long  periods  ol  upniEa  which 
occur  in  hibematiag  manunnU  are  replaced  by  conttnuouA  breath- 
ing,  when  they  are  made  to  inspire  air  containing  carbon  dioside, 
and  aimilai  treatment  will  abolish  in  man  the  apnceic  phase  of 
Cheyue-Stokee's  respiration. 

The  respiratory  movements  appear  from  a  review  of  the  present 
evidence  to  be  regulated  by  the  gaseous  compoaittoti  of  the  arterial 
blood  which  supplies  the  respiratory  centre  in  the  medulla  oblongata. 
The  necessary  impulses  are  not  carried  by  the  vague  or  sympathetic 
nerves,  for  it  is  well  known  that  after  section  of  both  vagi  the 
respirations,  although  slow  and  deep,  are  yet  maintained  rhythmi- 
cally, it  may  be  for  months,  and  hyperpno^a  can  still  be  produced  by 
muscular  activity  or  by  inhalation  of  carbon  dioxide-  The  view 
that  the  regulation  of  the  rate  of  alveolar  ventilation  depends 
under  normal  conditions  upon  the  preirUTiure  of  carbon  dioxide 
in  the  lespiratory  centre  offers  a  satisfactory  explanation  ol  the 
normal  rhythm,  hyperpnoea,  and  apnosa. 

It  is  necessary,  however,  t€  point  out  that  there  are  probably 
other  factors  ™>ncerned  in  the  regulation  of  respiration ;  some 
of  tliese  ma}'  be  effective  indirectly  by  altering  the  pressure  of 
carbon  dictxidc,  others  may  act  directly  upon  the  excitability 
of  the  respiratory  centre.  There  is  httle  doubt  that  a  rise  in  the 
temperature  of  the  body  will  increase  the  rate  of  respiration  ; 
this  is  seen  especially  in  the  dog  when  he  is  exercised  or  esp<wed 
to  the  heat  of  the  sim,  and  forms  an  important  means  of  regulating 
the  temperature  of  the  body-  Ln  man,  horscSn  and  other  animals 
muscular  work  produces  a  rise  in  the  internal  temperatuie  of 
the  body,  and  thus  another  factor  besides  carbon  dioxide  may 
be  concenied  in  h>'perpncea. 

Nervous  impulses  carried  by  the  vagi  either  from  the  lungs 
or  the  h<;urt  probably  play  an  important  part  in  the  co-ordina- 
tion of  the  action  of  the  respiratory  muscles  and  the  heart,  so 
that  an  adequate  supply  of  blood  may  be  maintained  through 
the  lungs  for  the  rapid  absorption  of  osj'gen  and  the  removal 
of  carbon  dioxide.  The  value  of  training  appears  to  be  largely 
due  to  the  exercise  of  the  heart  and  lungs  in  act^ommodation, 
and  economy  of  work.  The  effect  of  section  of  both  vngi  requires 
further  investigation  from  these  standpoints,  for  Haldane  and 
Lortain  Smith  found  that  arrest  of  iospiration  by  dilatation  of 
the  lunge  ia  produced  in  an  animal  with  its  ncrvcG  intact,  even 
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during  the  onset  of  violent  hvperpntEa  due  to  flir  rich  in  carbon 
dioKide, 

Abnormal  breathing  is  one  of  the  conditions  which  moat 
freqaeT^tly  demands  the  atttntion  of  the  physician.  It  may 
occur  in  various  fonns,  hjperpntca.  dyapntea,  apnoea,  or  that 
alt^^rimtion  oi  hyperpnoea  and  apnoea  which  is  known  aa  Chcyne- 
Stokes's  Teapiration,  The  abnormal  condition  may  be  showri 
in  alterations  in  the  rhythm,  in  the  rate  or  depth  of  breathing,  or 
in  any  combinatioD  of  the^.  Esact  observations  do  not  eJEiGct 
for  an  adequate  diacusaion  of  these  pathological  queationa,  evca 
if  it  were  within  the  scope  of  this  work  and  the  power  of  the  writer. 
It  may  be  of  iatereal,  however,  to  consider  briefly  some  of  tho 
pathological  conditions  which  throw  light  upon  the  nonnal  regula- 
tion of  respiration. 

In  addition  to  the  hyperpnoca  produced  by  breathing  carbon 
dioxide  and  by  muscular  work,  there  is  another  form  of  hypet^ 
pncea  due  to  want  of  ojcygcn  ;  this  occurs  at  very  high  altitudes, 
where  the  pressure  of  oxygen  is  less  than  13  pei  cent-  of  an 
atmosphere^'  in  carbon  monoxide  poisoning*  and  sometimes  in 
Doincs.  The  rapid  ventilation  of  the  lungs  in  these  cases  lowers 
the  pressure  of  carbon  dio^de  in  the  arterial  blood  below  tho 
value  necessary  for  escitation  of  the  respiratory  centre :  the 
frequency  and  depth  of  respiration  are  regulated  by  the  pressuro 
of  oxygen  in  the  blood-  In  patients  in  whom  the  circulation 
ifi  inadequate*  owing  to  heart-diaease  or  other  causes,  this  form 
of  hyperpnosa  is  very  common.  The  cyanosis  ia  evidence  of 
the  want  of  oxygen ;  the  inoreased  ventilation  of  the  hinga  is 
inadequate,  owing  to  the  feeble  circulation,  to  supply  the  necessary 
oxygen  to  the  medulla  oblongata,  but  can  reduoe  the  preaauro 
of  carbon  dioxide  below  the  stimulating  value, 

A  very  marked  disturbance  of  respiration  ia  aeen  in  cases  of 
djaljetic  c^oma  ;  the  deep  ventilation  of  the  lungH.  the  fio^TilIed 
"  air-hunger,"  is  very  typical ;  there  is  no  obstruction  to  the  free 
entry  and  exit  of  the  air^  but  the  rapid  and  deep  breathing  persists, 
it  may  he  for  hours.  Many  ob^rvers  maintain  that  in  these  cases 
the  blood  is  unable,  owing  to  its  diminished  alkalinity,  to  take  up 
the  normal  amount  of  carbon  dioxide,  and  thus  the  tissues  are 
overcharged  with  the  gas,  and  the  respiratory  centre  is  stima- 
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latcd.  The  compoeition  of  tlie  aiireoJftr  air  in  case^  of  diabetic 
coma  eiftmined  by  Beddard,  Pembrey,  and  Sprigga  C*)  was  about 
2-S  voluraps  per  cent.  oE  t'^rbiin  dioxule,  and  17'5  voljinea  of 
o^rgcn ;  the  venous  blood  contained  only  about  20  volumes  per 
cent-  of  carbon  dioside ;  the  results  euggeat  that  the  b5TXTpnrDa 
13  a  caus^T  not  on  eSectf  of  the  reduction  of  the  carbon  dioscido 
in  the  blood,  and  the  respiratory  centre  \vou3d  appear  to  be  atimu- 
lated  irk  some  other  way  than  by  ext'caave  carbon  dioiide  or  want 
of  oxygen,  it  may  be  by  some  of  the  products  of  the  abnormal 
metaboUsm,  B&pid  ventilation  of  the  lunga  would  lower  the  pei- 
centaga  of  carbon  dioxide  in  the  alveolar  air^  and  would  thna 
waab  out  carbon  dJoiide  from  the  blood-  Further  observation*, 
however,  are  needed  upon  these  points. 

In  certain  caaea  of  hcart-didcasc  a  wcll-markcd  alteroation 
of  flpn(Ba  and  h3T>erpncea  was  observed  and  deseribed  by  C'heyne 
and  8tolcea.  The  phenomena  have  been^  aiitce  the  publication 
of  their  observaticiia,  the  auhject  of  many  expenments,  (ibeerva- 
tions,  and  debates,  and  vanoua  theories  hare  been  brought  forward 
to  explain  the  typical  breathing  ;  a  hiatorical  account  and  original 
observationa  are  ^veu  by  Gibson  (")  in  hi^  monograph  upon  the 
subject.  Recently  Perabrey  and  Allen  (*")  have  determined  the 
composition  of  the  aKealar  air  at  different  stages  of  tbe  wajcing 
and  waning  respiration  of  a  patient  who  showed  well-marked 
CheynC'Stokea^s  respiration.  The  Following  are  some  of  the  results 
of  the  onalysea  ; — 
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In  the  oaao  of  the  &arly  period  of  waxing  rsaplration  and  of 
the  late  period  of  waning  raapiratiou  tbe  true  values  of  the  carbon 
dioidde  are  probably  higher,  and  of  oiygen  probably  lower,  owing 
to  tho  shallow  nature  of  the  n^spirationa.     When  the  patient  was 


5^  THE  B^FIKAT(»T  EfiGHAXCX 


'hettnu  ami  i1 ijiiMiiaii  wii  c^I^bbk.  ^ 

lb  finifid  ri   ^**»*   ■md  >nr  die  ixAmSBtann   if  csdun  dkrode 

fafAib  n«iinaMtt  in  dw  ^bor  <tf  ^moB  id  namnmiiis  1jhjb11iii>|: 
td-khnwa  reifiikrtv^  nnnlfl  hr  n^TBrnrwl  E^^  if  OKbcra  d»acidr 
■^pvr  1  par  oaoL.  natRTi  aliifliiikHfl  "giH**  sn£  ^cse  dnw  capvld 
W  sokinand  nor  TrnffTIr  ^  dir  ^nnn  ^wl  In- hhquII  wiljitU 

mpiikr  and  fltfDT  m^onaian. 


RJl 


.44ii— <KH<«i<'~>4>WHX'qH xi  I  ■<■"■■•■>■■ uirtnii 


tiM-  nY-i-^»i  dmiiufsnfti  nnti  a  iuc;  tiw  mnv-r^lt-  n:  iiw  TCOTincrnrT 

Bi\^  t  i^TTT    uuanxri   n:  iitt^j   ^-  ia*£«.  n.      anna*  inlir™^.  flat 

■LltT    ht*"-.-?-^*!*^       TlYi    »tui:TAti,-i:     11     t_-t    i'x."»Ti*^iir'     n;    Till    m^Tvt- 
rrJb  nil-'    II.:  niHi   u.y   IK   iw.'v^sii^    11    AOtiiriiii    u    rtfi^rijTT   cirr.L'- 

a:  DiT^-'TTtii^^r*:.   uumimats   n    i;iT»inr>   at,.    ^^    *,'-im-    irfifthu^    »auh* 
innn;  ^i^*T    Ant,   it  t.   rjuii»-'rj^rKn    ,-,    ■•^i:-!';     .-^av*-   o"  not*u>niia^. 


RESPIRATION  IN  THE  EMBRYO  AND  FtETUS     569 


RespirfUion  in  the  EtrsbTtjO  and  F(tfiw.— The  procosses  of 
reBpiration  in  the  embryo  have  been  the  subject  ol  numerous  in- 
veadgatioTiB  upon  the  eggs  ol  birds,  rsptilea,  iimphibis.n3  and  fUhe^^ 
As  early  a&  1GT4  Mayovr  had  recognised  that  the  iiitrci-acrial  gas, 
that  is  oxvgen,  waa  absorbed  through  the  porous  shell  of  a  hcn'a 
egg  during  incubation^  B  lumen  bach  observed  that  the  blood 
in  the  allantoid  veina  was  brighter  in  colour  than  that  in  ihe 
allaiitoid  arteries,  and  Paris  found  that  the  air  in  the  ^r-chamber 
of  the  egg  cont^ed  carbon  dio^dde  during  the  last  days  of  in- 
cubation. 

The  necesBity  of  air  for  ail  stages  of  the  development  of  the 
embryo  has  been  proved  by  varniahing  the  egg  or  covering  it  with 
oil  to  prevent  tlie  passage  of  gaaea;  development  does  not  occur, 
or  if  the  experiment  be  performed  at  a  later  stage  of  incubation 
death  is  rapidly  caused.  In  a  few  experiments  devoloptaent  has 
proceeded  in  the  early  stages,  but  these  cases  are  due  to  defective 
vamisb,  development  before  the  experiment  commenced,  or  with 
the  aid  of  tlic  oxygen  already  present  in  the  egg.  It  is  interesting 
to  note  that  Hasselbach  maintains  that  a  small  quantity  of  oxygen 
may  be  set  free  by  chemical  cbangee  occurring  in  the  subetance 
oC  the  egg  at  the  commetLccment  of  incubation.  Egga  cannot  be 
deveIoi>ed  by  incubation  in  an  atmoapheoi  of  pure  hydrogen  or 
nitrogen. 

The  air-chamber  at  the  blunt  end  of  the  hen^G  egg  ia  present 
whether  the  egg  be  fertilr  or  not,  and  is  enlarged  during  the  period 
of  incubation  by  the  evaporation  of  water.  It  serves  as  a  reservoir 
of  air  for  the  embryo  and  even  for  the  chick  during  ineubatlou, 
for  it  ifi  well  bnown  that  the  chick  may,  after  pushing  its  beak 
through  the  mombranea,  breathe  the  air  in  tbis  space  by  its  lunga 
for  some  hours  before  it  breaks  the  shell.  The  chick  often  draws 
ita  first  breath  and  even  chirps  before  it  is  har^hed. 

The  total  respiratory  exchanj^'e  cao  be  easily  determine*!  in 
the  developing  chick-  There  la  an  ab^rpbion  of  oxygen  and  a 
production  of  carbon  dioxide  during  the  first  hours  of  incubation, 
and  this  gaseous  exchange  steadily  increases  with  the  process  of 
development ;  relatively  it  is  equal  to,  or  even  greater  than,  that 
of  the  adult  hen>  It  haa  already  been  mentioned  that  the 
reapiratory  exchange  of  the  embryo  chick  is  affected  by  chaogea 
of  temperature  in  a  similar  manner  to  that  seen  in  eold-blooded 
animals,  a  fall  of  temperature  causes  a  decrease,  a  rise  of  temf>era- 
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H  lfc«  g&  of  fi^Bi  uid  ID  tk«  ^bIwto  cId^  TUs  t^«w  of  the 
festal  rr^inJtian  m  mAaftied  mad.  cxtoodrd  br  Hubs  ukI  by 
Bftj,  vtettiftfeeatbelaBapwiBCciMtfltBl^MM  in  the  t«tlftli  edttioa 
of  his  work,  "'The  WiideM  of  God  n  tbe  (^wtioa,"  pobltahed  in 
1T59  :  ~  Tte  ■— *Tr*^  blood  whkb  iovo  to  the  raCTiedcxs  and 
iinfiniro  the  ff*W*  ir«mmiiiifli«  hy^  than  to  the  hiood  of  tbe 
feet«o  Ibe  w  wbareviA  bnlf  i>  iHfvcpate ;  oo  the  wmlcx  flowing 
aknt  the  c^twsooB  radn  cf  ^o  U*ft  plb  doth  the  air  diat  i& 
lodged  thenin  to  tbem," 

acheet  Jefiny,  Boslock,  a^  ntWn  c^nemd  that  tlw  blood 
in  the  imbifical  ran  «aa  W^htof  than  that  in  the  ninbi&eal 
arteiT-.  aod  thna  aappKed  IoiAk  cvidettoe  of  the  rctprntovy 
fonciioD  of  tlM  ploconla.  Coofang  eridcnoe,  hovevet,  btt»d 
Bpon  ijioltj  qfcaegvition^  had  adacn  in  the  iiaiaiitiiiM  Joluuuwo 
Muller,  who  »  often  calkd.  and  rightly  so,  ''Tbe  Fatbpr 
of  Modem  FliT^okigy."  beld  that  jhiinie  or  lymph  passed  from 
tbe  LDotber  to  the  fifto^  and  ao  wppfed  ihe  plat^  of  reafiiialioD ; 
there  was  no  difieRocttr  be  Boamtained,  in  the  ccrioar  of  the  blood 
in  the  nmliilirAl  utery  and  mnbitical  vein,  and  be  ewn  gonadered 
It  Decessaiy  to  teit  by  eKperiineot  the  Tier  that  tbe  iarms  breathed 
by  abaorbiQ^  oit^d  from  the  amniotic  fluid  by  moans  of  its  skiD 
or  lungs.  Such  -waa  the  cooditioii  of  knowledge  about  a  oentmy 
and  a  half  after  tbe  death  of  Mavow  ;  his  brilUant  wock  had  been 
forgotten  or  n^lected,  and  tbe  correctoett  ot  hk  view  that  tbe 
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placenta  acted  ab  a  lung  was  not  fullj  recogniaed  until  Zweifel 
in  1876  showed  that  the  spectrum  of  oiy-hfcmoglobin  coald  be 
clearly  seen  in  the  umliilical  cord  before  the  child  breathed  by 
its  luDgs.  Zweifel  also  demonakated  that  the  blood  in  the 
nmbihcal  vein  of  a  foetal  rabbit  was  brighter  than  that  in  the 
arteries,  if  the  precaution  were  taken  to  open  the  uterus  cf  the 
mother  in  warm  nnrmal  aaline  solution  and  thus  prevent  vigornaa 
contractions  of  the  uterus  :  the  difference  in  the  colour  of  the 
veaaeb  disappeared  during  aaphraa  but  reappeared  when  artificiai 
respiration  was  performed  upon  the  mother. 

The  mechanism  of  the  fcetal  respiration  was  more  fully  ex- 
plained by  tho  eiperirnenta  of  Zuntz,  who  siiowed  that  during 
asphyxia  of  the  mother  the  blood  of  the  umbilical  vt?ia  became 
darker  than  that  of  ths  umbilical  arteries*  the  fcetal  blood  yielding 
up  oxygen  to  the  blood  of  the  dymg  mother ;  the  umbilical  vein 
became  as  darlr  as  the  arteries  when  the  maternal  blood-vessels 
supplying  the  placenta  were  c:*mpreHsed ;  the  bloo«l  of  a  fietus 
Tcapiring  air  by  its  lungs  lost  oxygen  in  the  placenta  which  waa 
attached  t€  an  excised  piece  of  the  uterus;  the  umbilical  vein 
coming  from  the  intact  placenta  contained  blood  as  bright  in 
colour  as  the  arterial  blood  of  the  uterus  during  the  normal 
respiratjon  of  the  mother,  and  ((Btal  movements  made  the  blood  of 
the  umbilical  arteries  darker  in  colour. 

Ztmtz  in  conjunction  with  Colmstein  also  analysed  the  blood 
of  the  umbilical  artery  of  a  foetal  sheep  about  three  weeks  before 
full  term  i  the  total  gas  was  54^21]  volumes  per  cent,,  of  which 
6-669  were  oxygen,  46542  carbon  dioxide,  and  1  nitrogen.  Com- 
parative analysis  showed  that  the  blood  in  the  umbilical  artery 
contained  4-67  volumes  per  cent,  leas  oxygen  and  4' 72  more  carbon 
dioxide  than  the  blood  in  the  umbilical  vein.  These  observera 
calculated  that  the  fcetal  rCHpiratoiy  exchange  was  relatively  much 
IcM  than  that  of  the  adult ;  but  there  are  great  difficulties  to  over- 
come before  exact  data  can  be  obtained  for  such  an  estimation, 
which  must  be  based  upon  comparative  analysis  and  determina- 
tion of  the  rate  of  flow  of  the  blood  through  the  placenta  ;  operative 
procedure*  quickly  disturb  the  circulation.  From  these  experi- 
ments it  ifi  concluded  that  the  Icctua  respires  by  processes  of  diffusion 
in  tbe  placenta ;  under  normal 'Conditions  the  preaauro  of  oxygen 
in  tbe  maternal  blood,  which  supplies  the  utema,  is  higher  than 
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thftt  of  the  oxyiecfi  in  the  blood  of  the  ambDicftl  utery ;  dmiag 
aapkjnoM  the  rerene  U  the  caw;  ud  the  motber'A  blood  alnarts 
oxjrgsi  fatMn  the  fcet&l  blood.  The  tnaafieraiMe  of  c&rboD  diozida 
IB  piobftblj  frflect«d  by-  diSofion.  Farther  ezpeiinKntft,  bowerer^ 
ftiv  needed  to  dMrv  whcthex  the  ptoocpt4  poaeeflBea  bav  power 
of  epCKUng  ffuee. 

BobF(^')  )iAA  estimated  the  respincofr  csch^nge  of  the  fcettv 
in  uiothef  waj  ;  he  det^nmned  the  absorpt'ton  of  oxygen  and  the 
discb&rge  of  carbon  dioxide  in  a  ptegnuit  guiDea^pig  before  &ad 
after  the  ombilical  oordfl  of  the  fcftaaed  had  been  compnfieed, 
Hia  retfoJtJ  show  that  weight  for  weight  the  res^mtoiy  excha&ge 
m  «  littU  greater  than  thai  of  the  mother-  The  fcctoa,  &1thoQ^ 
it  b  shielded  from  losa  of  heat  and  flhowa  do  niark«>d  muaciilBC 
actiritj,  ia  rapidlj  growing  and  the  ehemicftl  changea  involve  a 
rapid  rraptretory  ex<^hange. 

Iq  froQclomon,  what  is  the  Qatore  of  the  fcptal  apncpft ;  U  it  pro- 
duced by  a  low  pressure  of  carbon  dioxide  and  a  high  pressure 
of  oxygen,  or  are  other  factora  present  ?  This  question  rcqnirea 
further  investigation  before  it  can  be  answered.  It  ta  true  that 
the  blood  in  the  umtulical  vein  contains  about  6'3  volumes  per 
oertt.  of  oxygen  and  405  of  carbon  dioxide ;  but  it  ia  not  this  blood 
but  mixed  blood  wbicb  supplies  the  respiratory  centre.  The  blood 
in  the  umbilical  artery  containa  about  2-3  volumes  per  cent,  of 
oxT^n  and  47  of  carbon  dioxide ;  but  the  prcadurea  of  the  gaffes, 
not  their  qoantitiea  determine  exdtatioc,  and  they  are  unknown. 
The  reapiratory  centre  responds  to  compression  of  the  umbilical 
oord.  and  that  la  practically  all  that  is  known  beyoud  the  fact  that 
ita  excitability  appears  to  be  lower  and  leas  easily  destroyed  than 
that  of  the  adult  am  mat 
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CHAPTER  XVI 

INTERNAL    SECRETION— THYROID    AND 
SUPRARENAL  GLANDS 

The  progress  of  phy^giologv  in  the  laaF*  few  years  hftfl  shown 
that  it  is  impofiflible  to  &aekgii  an^  one  apecial  function  to  any 
organ.  The  diSerent  organs  of  the  body  have  &  complex  inter- 
fiction  and  work  together  for  the  good  of  the  trholc'  organiam, 
which  is  the  pbysiolo^cal  unit.  Nowhere  is  1^  interaction 
better  shown  than  in  the  «iwe  of  the  thyroid,  auprerenal,  paiiereM 
auJ  the  generative  glandsn  The  ductleas  glands  prodnce  a  Becretion, 
'*  the  internal  accretion/"  which  is  absorbed  by  the  blood-vesacla  or 
lymphatics  ;  glands  with  ducts  and  an  obvious  secretion  produce 
also  olhpr  Rubfltanpes  of  the  nature  of  an  internal  aecrotion  which 
iin  necessary  for  the  ht^alth  of  the  animal ;  the  thyroid  and  suprarenal 
glanda  will  be  taken  as  typed  of  the  former  class,  the  pancreas 
b&ionga  to  the  latter  clasa.  and  its  functions  are  discussed  in  another 
part  of  this  work. 

The  recent  investigations  upon  these  glands  have  shown  the 
futility  of  attacking  such  problems  of  Ufe  from  an  anatomical  or 
moTjboloEi<^a^  point  ol  view.  Purely  anatomical  reasoning  in  such 
<^asefl  leads  astray.  Some  ctf  the  glands  in  question  are  so  small 
that  it  was  considered  improbable  that  thev  were  essential  for 
the  welfare  of  the  animal  -.  olhera  were  shown  hy  the  sludy  of 
their  morphology  to  represent  organs  more  fully  developed  in 
lower  snimala,  and  it  waa  therefore  concluded  that  in  the  higher 
animals  they  were  present  only  as  rudiments,  more  or  lesa  uaelefis 
relicft,  Whether  we  believe  in  Design  or  in  Natural  Splertion  Jnring 
the  struggle  for  exiatence,  it  is  a  uaefiil  guide  to  believe  that  every 
part  of  the  organism  is  of  some  use  ;  hfc  is  conducted  on  economical 
Unea. 

Tiiyritid  OlnuA. — The  function  of  this  gland  must  now  be  con- 
sidered in  detaiL  Most  of  our  knowledge  has  arisen  within  the 
last  thirty  or  forty  years.     Previously  to  that  time  many  faocihil 
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theones  were  prevalent ;  it  was  supposed  by  eome  that  the  glaml 
by  ita  relationship  to  the  larynx  supported  that  structure  and 
strengthened  the  voice  ;  othera  held  that  the  thyroid  body  regu- 
lated the  supply  oi  blood  to  the  brain.  These  are  examples  af 
the  effect  of  anatomical  reasoning;.  Valuable  fact*i,  on  the  other 
hand,  have  boon  learnt  by  the  study  of  tbe  changes  produced  La 
man  and  animals  by  disease  or  removal  of  the  gland. 

Cret.lmem  in  a  peculiar  disease,  in  moat  cases  of  congenital 
origin  and  conRiied  to  certain  districts  of  a  country.  The  patient 
preflCDts  markedly  ahnormaJ  featureSn  His  stature  ia  stunted;  a 
man  of  twenty  years  may  bo  kea  than  three  feet  high  ;  the  body 
is  deformed  ;  the  bead  is  broad  from  ear  to  ear  ;  the  uose  is 
flattened,  the  bridge  being  abaent  \  tbe  mouth  ia  large  and  open  ; 
the  alfin  dry,  wrinkled,  and  of  an  earthy  colour  ;  the  hair  ia  coarse, 
sparse,  and  dry.  The  neck  and  shoulders  are  swollen  out  by 
large  pada  of  fatty  tissue  \  the  chest  is  najrow,  the  abdomen  larjje 
and  pendi]lou9.  The  hiubs  are  short  and  mi3sha|ten.  The  mental 
conditicn  ia  worse  than  that  of  an  ordinary  idiot,  the  creature 
being  frequently  imable  to  apeak,  and  uttering  only  a  atrange 
<ay  or  a  peculiar  ohuckle. 

Such  ie  the  spectacle  presented  by  a  cretin,  and  we  must  now 
see  liow  these  changeft  are  related  to  the  thytoiJ  gland,  lu  many 
of  these  cretins  the  thyroid  gland  ia  absent;  in  othera  it  is  en- 
larged by  disease.  Aloreover^  it  is  found  that  these  sabjecta  arc 
in  many  cases  borTi  of  parents  Buffering  from  diaease  of  the  thyrf^id 
gland-  Men,  and  (►ppecially  women  living  in  certain  tliatricts, 
vuch  Ofl  some  valleys  in  Switzerland,  suffer  from  goitre,  an  en- 
largement of  the  th3'roid  gland  due  tf>  causoa  as  yet  unknown. 
The  aymptoms  of  this  disease  are  chiefly  duE?  to  the  pressure  exerted 
by  the  enlarged  gland  npon  the  trachea,  (Eaophagus^  blood-vesa^ls 
and  nerves  of  the  neck  ;  there  thus  arise  difficulty  of  breathing 
and  swallowing,  disturbances  in  the  c:irculatlt>n  and  the  beatir^g 
of  the  heartn  Such  symptoms  would  probably  be  removed  by 
extir|mtion  of  the  gland.  Koeher  of  Beme  accordingly  excised 
the  gland  of  patienta  suffering  from  goitre,  and  the  immediate 
effe(:t  was  most  satin fatitory.  The  syniptoma  of  the  diiiease  di&- 
appeared.  Later,  however,  the  patients  passed  into  a  condition 
of  cachexia,  now  known  as  operative  myxojdema  or  cachexia 
Blrunupriva  ;  the  condition  resembled  cretinismj  but  there  were 
naturally  many  modilicatioua,  for  Ihe  growlh  of  the  body  having 


THYKOID  GLA^'D 


577 


ceased  and  the  mad  tiaviiig  developeil,  there  cooJd  not  be  those 
great  deformitiBB  which  are  found  in  the  body  and  mind  of  cretins. 
It  WAS  ohwrved — and  this  U  an  important  fiict— that  if  a  portion 
of  the  gland  were  left  no  evil  results  followed  the  operation  for 
goitre. 

A  further  U"^  in  the  chain  of  evidence  wa^  discovered  by  Cull 
in  1873.  He  noticed  a  crednoid  condition  developing  in  adulta, 
who  had  previonaly  been  healthy  and  had  not  suffered  from 
goitre.  The  patient  ahow^  a  groat  toss  in  bodily  and  mental 
energy ;  the  features  became  deformed  and  apparently  cedematous- 
Thifl  latter  change,  however,  was  not  dne  to  a  tme  osdema, 
but  to  a  collection  of  mucin.  The  disease  waa  accordingly  named 
"  myjtcedema  "  by  Ord. 

Recent  observationB  have  shown  that  in  all  cases  of  mys^^Bdcmar 
cachexia  atrumipiiva,  and  cretiniam^  the  respiratory  exchan^  ia 
diminished  to  one-half  the  normal  value.  The  administration  of 
preparations  of  the  thyroid  gland  to  these  patients  produced  a 
marked  rise  in  the  rcapiratory  exchange,  which  reached  a  certain 
value  at  which  it  remained  only  during  the  continuation  of  the 
treatment. 

The  evidence  of  Medicine  upon  the  importance  of  the  thyroid 
gland  for  the  wellbcing  of  the  organism  is  conclufiive  and  cannot 
be  neglected.  The  testimony  of  Physiology  is  the  complement, 
for  it  ia  impossible  to  divorce  Physiology  and  Medicine  :  diseases 
can  be  considered  aa  natural  viviaectiona  performed  upon  man 
— unfortunate  they  may  be  for  the  individual,  but  of  benefit 
to  the  race,  for  thereby  Natural  Selection  and  Baiowledge  are 
advanced. 

It  is  now  necessary  to  consider  the  contribution  of  Experi- 
mental Phyaiobgy  to  the  knowledge  of  the  thyroid  gland.  It 
is  aatisfaetory  to  note  that  the  results  obtaint^d  agreed  with  and 
amphtied  the  cLnical  knowledge.  Schi^,  as  long  ago  as  1856. 
showed  that  complete  removal  of  the  gland  was  eoon  followed 
by  death  in  the  caae  of  dogs  ;  hia  results,  however,  were  neglected 
until  Koeher  and  Reverdin  in  ISdS  described  the  cachectic  con- 
dition produced  in  nvan  by  the  extiipation  of  the  gland  in  caaea 
of  goitre.  The  effects  of  removal  of  the  gland  in  eata  and  doga 
arc  moat  marked  ;  death  generally  ocoura  within  a  week.  At 
first  there  is  a  twitching  of  the  museles  which  occurs  when  the 
animal  is  disturbed;  the  contractiona  become  more  frequent,  and 
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later  develop  into  severe  spaams  which  afiect  the  whole  body 
and  resemble  epileptifomi  convulsions,  Dtiring  the  progress  of 
thcBc  ajmptoras  there  is  a  marlced  loss  of  appetite  and  wasting. 
In  eiceptioaal  caaeB  the  acute  stage  is  less  marked  or  even  absent, 
and  the  animfll  passps  into  a  rHronic  condition  of  cachexia;  it* 
fur  becomes  dry  and  untempt;  its  nutrition  is  imp^red  ;  its 
intelligence  is  dimmed,  and  its  movements  lack  predsion.  The 
nervous  eoDtrol  of  tlie  teniperatuM  of  the  body  is  imperfect ; 
thia  la  ehowr  by  the  subnormal  temperature.  The  diflease  in  many 
features  reaembles  myxtpdema.  and  ^nerally  entjs  fatally  withJD 
one  or  two  months. 

In  herbivorous  animals  the  loss  of  the  gland  is  followed  by 
a  alow  development  of  the  c^achcxia.  Ko  disturbance  whatever 
may  be  observed  in  some  caaea;  this  haa  been  explaioed  by  the 
diflcovery  of  accessory  thyroid  glands,  which  ere  frequently  present 
in  rabbits. 

In  consequence  of  the  many  evil  effects  which  arose  from  re- 
moval or  disease  of  the  gland,  attempts  were  made  to  ingraft  the 
gland.  The  operation  produced  good  but  not  permanent  results, 
for  the  gland  in  most  cases  failed  to  grow  and  was  absorbed^ 
Extracta  of  the  thyroid  gland  were,  therefore,  given  subcutaneoualy 
by  Murray  of  Newcastle- on -Tyne,  and  thia  juethod  of  treatment 
was  highly  successful  in  cas^s  of  myxcedema.  Patients  were  then 
fed  on  fresli  thyroid  glands  from  sheep,  and  even  better  results 
followed.  How  great  \r  the  improvement  produced  in  caaea  of 
myxcEdema  and  cretinism  is  shown  by  the  numerous  records  aod 
photographs  of  patients  before  and  after  treatment  with  extracts 
of  the  ihvroid  gland.  It  is  clear  from  these  cases  that  the 
•ffecta  are  far-reaching,  and  influence  both  the  bodily  and 
mental  development.  The  fact  that  the  administration  of  the 
gland  must  be  continued  throughout  life  indicates  that  the 
nutrition  of  the  body  demands  a  constant  supply  of  some 
substance  yielded  by  the  thyroid  gland. 

What,  then,  is  the  specific  substance  produced  by  the  thyroid 
gland  T  An  answer  to  this  question  must  be  aought  in  the 
fltnicture  and  cbeinicai  composition  of  the  gtand.  The  thyroid 
body  is  a  ductlesa  gland,  and  the  so^ealled  ^'coUoid,"  which  £lls 
the  acini,  ia  its  "internal  secretion/'  The  colloid  is  apparently 
derived  from  the  granules  which  can  be  seen  in  the  cells  of  the 
Acini,  and  U  discharged  into  the  acini,  where  it  occumulabcs  until 
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preoAura  of  the  eeorction  oftoaea  a  sep&radon  or  ruptun  of 
the  cell-wall,  &nd  th«  colloid  \s  diacharged  into  the  Burroimding 
lyraphfitics  ;  these  vessela,  by  means  of  the  thoracic  duct,  convey 
their  content-fl  into  the  blood.  According  to  some  obaervera  the 
ooiloid  substance  ie  absorbed  also  hy  the  capillary  blood -veflscls. 

The  nervoos  supply  of  the  gland  is  derived  from  the  laryn^al 
nerves ;  no  stracturaf  f'hangea^  however,  have  been  observed  in  th« 
cells  &a  the  result  of  atiiQulation  or  section  of  these  nerves  or  nf 
the  vagO'Sympathetic  nerve.  Vaso-coQBtrictor  nerves  to  the 
thyroid  are  found  in  the  cervical  sympathetic  nerve  of  the 
monkey  and  in  the  anterior  root^  of  the  third  thoracic  nerve  of 
the  rabbit,  cat,  and  df>g-  According  to  His,  the  blind  tube  which 
passes  from  the  region  of  the  faramen  raecum  of  the  tongue 
towards  the  hyoid  bone  is  to  be  regarded  as  a  nidiioent  of  the 
duct  of  the  thyroid  gland — the  ductus  thyreogSossua.  The  thyroi<l 
IB  developed  as  a  median  ev&gination  of  the  floor  of  the  pharynx 
between  the  first  and  second  branchial  arches.  The  parathyroids 
arise  as  thickenings  of  the  epithelium  in  the  dorsal  aspect  of  the 
third  and  fourth  visceral  clefts.  The  structure  of  the  thyroid 
gland  is  essentially  the  same  in  all  classes  of  the  vertebrates, 
although  its  size  and  position  may  show  great  vaiiationH :  the 
invariable  presence  of  the  cnlloi<l  substance  in  closed  acini  sur- 
rounded by  simple  glandular  efuthelium  is  an  interesting  fact' 

The  natural  stimulus  to  the  gland  is  unknown,  but  appears 
to  be  the  absence  or  preeence  of  some  subetance  in  the  blood. 
The  removal  of  fiva-fiixtha  of  the  gland  leads  to  Btructnral  changes 
in  the  remaining  portion  of  the  gland  which  indicate  Increased 
activity. 

Chemical  examination  of  the  gbnd  shows  that  it  contains  two 
proteids,  a  nucteo-alburaiD,  and  the  colloid  aubBtaooe,  which  may 
be  regarded  as  a  compound  proteid  pnssc^aing  iodine  in  consider- 
able amount;  the  percentage  of  iodine  varies,  but  on  an  average 
is  O'S  per  cent,  of  the  dried  substaiice^  The  colloid  substance  is 
not  a  nucleo-proteid,  for  it  yields  no  miclein  on  gastric  digeetioD. 
When  the  colloid  matter  is  aubjected  to  digestion,  only  thow 
products  which  cont-ain  iodine  poaaeas  active  properties.  The 
active  substance  is  named  iodothyrin  and  ite  effects  upon  the 
metabolism  of  the  body  appear  to  be  similar  to  those  exerted  by 
gland  fiubatanc^  itself,  Iodothyrin  is  a  brown  amorphous 
ibttance^  almost  insoluble  in  water,  but  readily  soluble  in  weak 
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alkaliea.     It  containa  phosphoniB  and  about  10  per  cent  of  iodine, 
but  it  gives  DO  proteid  reactions. 

Tho  effects  produced  by  iodothyrtn  are  aiiailar  to  those  OAuaed 
by  extr^ta  of  the  whole  gland.  Patients  Bufiering  from  eretinjsm 
or  myxcpdema  are  greatly  improved  by  this  method  of  treatment. 
The  abnormai  conilitioiis  disappear ;  the  metabolism,  which  iu 
these  diseases  is  abnonnally  low,  ia  raised  to  the  level  of  health ', 
the  absorption  and  assimilation  of  food  and  the  secretion  of  urine 
are  increased.  It  is  interesting  to  note  that  toxic  symptonas  have 
been  observed  after  the  administration  of  large  dopea  of  tbvroad 
extract  to  men  and  animals  not  eufiering  frcni  disease  or  removal 
of  the  gland.  Cardiac  weakness,  wasting,  ar>d  the  discharge  of 
albumin  and  sugar  in  the  urine  may  be  produced.  The  intravenous 
injection  of  thvroid  extract  produces  a  fall  of  blood-pressure ^  hut 
this  may  not  be  a  specific  eflect. 

The  foregoiQg  data  show  the  great  importance  of  the  thyroid 
gland  for  the  maintenance  of  the  healthy  metabolism  of  the  body, 
but  they  do  not  show  how  it  acts.  Upon  this  Utter  point  tlier^ 
are  two  chief  theories.  The  more  probable  one  ia  that  the  gland 
produces  a  specific  substance  which  is  necessaiy  for  the  nutritiion 
of  the  body,  especially  of  the  central  oervous  system;  not  only 
do  the  nymptoma  during  Lfe  show  that  that  system  ia  especially 
affected  by  the  loaa  of  the  thyroid,  but  after  death  degenerative 
changes  are  found  iu  the  nerve'Cells  of  the  brain  and  spinal  cord. 
The  rival  theory  maintains  that  the  thyroi^l  gland  produces  & 
substance  which  neutralises  or  antagonises  poisonous  products 
produced  by  the  metabolism  of  the  body.  Our  present  knowledge, 
however,  of  the  chemical  changes  which  occur  in  the  living  body  ia  so 
incomplete  that  it  is  impo^ihle  to  dogmatize  upon  this  question. 

So  far  nothing  has  been  said  about  the  Parathyroid  Glands, 
small  glands  which  lie  on  each  side  of  the  neck,  and  often  in  clo^e 
relationship  to^  or  even  embedded  in,  the  thyroid  gland.  In 
minute  structure  they  do  not  resemble  the  thyroid  gland,  for  they 
conflist  of  cells  arranged  more  or  less  in  columns  and  contain  oo 
vesiclea  and  no  colloid.  The  parathyroids  were  dpacribed  by 
Sandstroem  in  I^SO  as  cEibryonic  remnants  of  the  tb}T*oid  gland ; 
their  functions  were  first  investigated  by  Gley  a  few  years  later. 
Since  that  time  numerous  experiments  have  been  made  by  various, 
observera,  and  a  different  view  has  arisen  as  to  tbe  functions  uf 
the  thyroid  and  parathyroid  glands.     It  is  maintained  that  re- 
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moval  of  ftU  tke  pamthvroida  proviea  fatal  within  a  short  time, 
even  if  the  thyroid  gland  be  left  intact ;  the  animal  diea  from 
''tetany";  excision  of  the  thyroid  gland,  on  the  other  hand, 
causes  "  cachejcia  atnimipriva  "  or  **  post  operative  myscedema  "  ; 
ppevioua  eKperimenters  bad  removed  both  glands,  and  hence  the 
results  were  of  a  mixed  character.  Cretinism  and  myxaaieraa  are 
due  to  insufficiency  of  the  thyroid  gland,  and  exophthalmic  goitre 
may  be  eccompani&d  by  disease  of  the  parathyroid  glands- 

The  resultSf  however,  are  very  diacot-dant,  and  do  not  bear  out 
the  view  that  the  thyroid  gland  in  less  important  than  the  para- 
th,vroid  ;  the  glands  are  often  so  clo^ly  associated  that  it  is 
dtreTnely  difficult  or  even  imposailjle  to  remove  the  one  without 
eertous  damage  to  the  other,  Further  reaearch,  eepecially  upoti  the 
comparative  physiology  of  the  glands,  muat  decide  theb  relative 
importance. 


The  Stjprarenal  Capsvlh 

The  suprarenal  capsule  ia  a  ductleea  gland,  the  functions  of 
which  were  entirely  unknown  until  fifty  yeaia  ago,  when  Addison 
pnbhshcd  his  aaoount  of  the  peculiar  diseaBc  wliicb  is  now  known 
by  his  namen  This  clinical  work  was  quickly  followed  by  the 
researches  of  Brown-S^uard  upon  the  eSeots  of  removal  of  the 
glfliida,  and  bis  reanlts  flh<)wed  that  the  anprarenal  bodies,  far  fmm 
being  the  foetal  relics  which  they  were  once  thought  to  be.  were 
absolutely  essential  for  life.  The  idea  that  the  capsules  were  mere 
fcetal  relies  appears  to  have  arisen  from  a  companaon  of  tba 
relative  size  of  the  gland  in  the  fi^etus  and  the  sdolt.  At  the 
third  month  of  intrauterine  life  the  kidneys  and  sLiprareiial 
capsules  are  of  the  same  aize ;  at  the  sixth  month  the  fcidneya 
are  twice  the  size  of  the  capsules ;  the  glands  continue  to  grow 
after  birth,  and  in  the  adult  man  each  suprarenal  body  weighs 
about  4  grm.,  each  kidney  about  150  grm^ 

.  Acctfiaory  suprarenal  bodies  are  often  foimd  in  the  connective 
tissue  in  the  neighbourhood  of  the  kidneys,  and  this  fact  offers  a 
fiufficient  explanation  of  the  negative  results  obtained  by  Bomo 
observers,  who  have  removed  the  suprarenal  capeules.     31i* 
velopment  of  the  gland  shows  that  it  has  a  twofold  gf 
eponding  to  the  cortex  and  the  medulla;  the  former 
to  arise  trom  the  epithelium  of  the  ccelom  in  the 
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tikc  bMer  frao  ^wgHoa  odbof  the  fyv^atbetie 
j>«retiv«  uMamy  Wurmm  indieafat  ttk  m/pmmB  oofft  of  tto 
twfi  p«rt4  of  the  gkad  ;  in  ■b^rki  and  othn  members  of  xhm 
Kljwm^^brarjcliB  Uie  oofticad  part  fonm  iIk  intFT-fanl  ludj,  an 
unpftirMj  orga&H  separated  from  tbe  medaBny  portknia  vIdcIl  are 
aituatod  above  the  JctdiheyB  and  iorm  the  Bnprannd  bodies. 
['byiiologiGal  expenmenti  abov  that  extracts  ct  tbe  lomer  oi^ma 
|irtK]i]rc  T1D  cUaractediftic  efTec1«,  but  ihe  latter  otgan  oontAms 
an  active  aubftlance  Biiailar  to  tliat  foocd  in  the  medulla  of  the 
maznnLAlian  aufrrarenal  gland. 

Thd  nuotofcopio  etructiire  oi  the  m&miDaLaD  suprarenal  body 
ibowa  tbat  tbo  glaDd,  (^ap^cially  the  medullary  portion,  is  extremely 
raaoular,  arid  tho  auprarenal  vein  is  surroandfd  in  the  medalla 
by  a  lar^  bundle  of  involuntary  muacle  £brcs.  the  fimctioD  of 
yifhich  mfty  be  to  legulnte  the  circulatioD  through  the  ofgac.  In 
addition  nervoHsella  and  branched  cells  containing  grannies  ot  pig- 
mf*nt  ara  characteiistic  of  the  medulla, 

1'lirt  jjUyaiotugical  evidence  itlatiog  to  the  function  of  the 
Klandd  CUD  Ite  divided  into  the  eflecta  of  partial  or  complete  re- 
moval ol  the  copaulea  and  the  eSects  produced  by  injections  of 
ftdr«nfll  ciijtracta.  Brown-S^quard  found  tbat  the  removal  of  the 
Aaprnrenal  glands  caused  death  in  guinea'pigs,  TAbbita,  dogs,  cata, 
raU,  mce.  and  pigeoiu ;  the  mean  doiation  of  life  after  the  opera- 
tion vi&A  in  rabbitfl  nine  hoots^  in  dogs  and  cats  fourteen  houra ; 
tbe  Bymyitnma  which  were  generally  observed  wero  loas  of  appetite 
ukI  of  inn&rulnr  power,  cardiac  weaknew  and  convulsions. 

Experiraentfl  by  other  observers  have  confirmed  and  extended 
Brown -St^quard'i  work.  Removal  of  one  gland  does  not  caiiae 
doBth,  and  the  remaining  gland  undergoes  hypertrophy,  and  thus 
the  arimal  appears  to  compensate  for  the  losa  of  the  one  gland. 
Di>ath  gftneraUy  oooura  within  one  or  two  days  after  the  removal 
of  the  second  gland.  The  symptoms  described  by  most  observere 
ari^  almost  identical  with  those  of  Addison's  disease,  musculai- 
wvakneas,  loss  of  appetite,  loss  of  tono  in  tbe  vascular  aystcm, 
and  paralysis  of  the  respiratory  muacles.  Pigmentation  has  been 
obaerved  in  animals  which  have  lived  for  a  longer  time  aft^r  the 
oxciaion  of  the  glands. 

Tha  blood  of  animals,  which  have  died  after  lemovai  of  the 
suprarenal  capauloa,  ia  said  to  poasess  toxic  properties*  and  to 
prodiico,    when   it  is  injected    into  healthy   animab,   symptoms 
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resembling  those  seen  after  removal  of  the  rIaiuIsp  The  question 
thus  ahocs  ^'h«ther  the  animals  die  from  the  Jose  of  a  specifio 
eecretioii  or  from  the  occimiiiiation  of  a  tojdc  aubstance  which 
would  normally  be  removed  hy  the  gland.  The  tojdr.  pRecta  of 
the  hlood  do  not  appear  to  be  duo  to  auto-iu toxica tiou  with  the 
substances  which  are  found  in  the  normal  gland*  for  the  urine  and 
tissues  of  animals  deprived  of  their  capeulee  were  examined  by 
Moore  and  Purinton  for  the  auprarenal  chroniogen.  and  were  tested 
phyaiologically  for  the  preaeoce  of  the  active  substance  with 
negative  resulta.  Other  obaerveie  have  demonstrated  the  origia 
of  the  active  substance  in  the  hving  jcland ;  the  blood  collected 
from  the  adrenal  vein  givea  a  reaction  aimilor  to  that  of  the 
glandidar  substance  itself,  while  blood  from  other  vessels  does  not 
possess  this  property,  Oliver  and  Schafer  found  that  extracts  made 
from  the  diseased  glands  of  patients  who  had  died  from  Addisoii*a 
discaae  did  not  possess  the  active  priaciple  of  the  healthy  gland. 

The  first  important  work  upon  the  physiological  eflects  pro- 
duced by  eitracts  of  the  Hupraranal  capsules  is  due  to  Oliver  and 
Schafer,  who  showed  that  extracts  of  the  gland  prepared  with 
water,  alcohol,  or  glycerine  contained  a  specific  substance  which 
produced  a  marked  contraction  of  the  arterioles ;  a  rise  of  blood 
pressure  is  thereby  rapidly  produced,  and  may  mount  iip  to  two 
or  even  five  times  the  nonnal  height  ;  the  rise  lasts  about  two 
or  three  minutes.  The  action  is  a  peiipheral  one^  the  contraction 
ol  the  arterioles  occurs  equally  well  after  section  of  the  spinal 
coidj  and  after  division  of  the  nerves  which  supply  the  limb.  The 
active  principle  is  contained  only  in  the  medulla  of  the  gland,  and 
it  is  not  destroyed  by  boiUng  or  gastric  digestion.  The  injection 
of  large  doses  produced  death  in  the  case  of  rabbits,  but  in 
dogs  and  caba  only  a  alight  transitory  disturbance  was  eoen, 
Schafer  showed  that  the  esrtract  of  the  gland  was  a  most  powerful 
styptic,  which  could  be  safely  used  to  check  basmorrhage  from  small 
blood-vesaela  in  man. 

Various  attempts  were  made  by  Abel  and  von  Furth  to  isolate 
the  active  principle  cf  the  gland,  but  this  waa  first  ncoompliflhod 
by  Takamine,  who  named  the  substauce  adrenalin.  It  is  a  white, 
light,  crystalline  substarrce,  with  a  slightly  bitter  taste,  sparingly 
soluble  in  water  and  perfectly  fitable  in  a  dry  form.  In  alkaline 
and  neutral  solutions  adrenalin  is  a  powerful  reduciug  agent  and 
absorbs  oyvgeu  from  the  air.    All  aqueoua  solutions  on  standing 
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Iwnv^  T\m  ^maaSm/aen  has  bM  wSiimJ  hy  Biodie  and 
Kxoii  fttti  bj  BHutt ;  tk  iDtnaer  fltsttniu  kmad  that  ailrenaUii 
caimal  mmiMikt  the  p^*""™*'y  Timcfa.  «  tiriliiig  difference  in 
bekftvioof  m  «onpu«d  ailfc  tke  Biftik«d  eotiMacaoo  of  the 
fljBlouie  mrtefkiM,  and  oii»  »Uch  taoejn*  a  aimpie  ^xplination 
il  the  adrmaUn  acta  taaAy  upon  sjnnpatlwiH!  D«n««iidiiig>^  The 
nsacles  of  the  pohaoDaiy  blood-Teasels  are  dM  siq^vlkd  'wikh 
eofkstiictor  fibres,  aod  in  defaoit  of  srinpatbetH  nerv^-nxpfly 
plain  moaclc  doaa  not  naet  to  adnsftliiL  Adnaa&n  may,  ^um- 
fore,  be  med  as  a  test  for  the  edatmoe  of  symipatlMtic  nerves  in 
SAj  oi^n ;  it  atimnUtea  the  substance  at  the  junrtitni  of  the 
mnscLe  and  nerve,  not  the  sTmpathetic  nerye-ccU,  Derve-fibie,  or 
inascle-&bie.  Ita  effects  mav  in  one  organ  be  shown  by  oontrac- 
tioD,  in  another  by  inhibition;  thos  it  causes  contraction  of 
epleen  and  inhibition  nf  the  movementa  of  the  stomach,  bat 
eAch  case  it  resembles  in  its  effert  the  excitation  of  tile  srm 
tbettc  supply  of  th<^e  org&aa.  It  haa  already  be^n  pointed  out 
that  adrenalin  ia  only  formed  in  the  medulla  of  the  gland  which 
is  developed  from  the  svmpathelie  svsleni- 
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*  Th*  ■tmcitiml  fonnaU  ifCDnUog  to  Dikib  is  HO^         ^  CH  (OHJ  _  C 

KllCUj-  Cfttfchol,  tht  ftroDutIc  aaclEoB.  uiil  vol  the  tide  cbnta  oijetbTlt&eUijl- 
arnlufl,  ji  tbe  active  p«ri.  DbJcLh  bu  prepared  a  »iib«ranDa  wiUi  th&  auntf 
Mcl\on.  BDd  verj  cIdmIj  relttwl  If  BOt  the  same  aiadr^nalin,  by  heBling  cKtc^to 
triih  cbloru^etjl  cblorlde.  and  tlum  acung  on  tht  cbloiMcetTt  catechol 


or 

rac-^j 

out      ■ 
oh      I 
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In  1901  Blum  diacovemd  that  the  Bubcutaneous  administTatioa 
of  extracta  of  the  Hupraranal  oapBiilt^ff  prodcicea  glycoaurii ;  but 
no  such  effect  was  caused  when  the  drug  was  given  by  the  mnutb. 
These  results  have  been  confirmed  and  extended  by  No^-l  Paton 
and  othere,  but  the  subject  of  diabotea  haa  been  ao  folly  die^ueaed 
in  anothet  patt^  of  this  work  that  no  further  conai  deration  oi  the 
subject  iH  deeded  here. 

The  clinical  evidence  of  the  function  of  the  suprarenal  capsules 
will  ever  be  aaaociated  with  the  name  of  Addison^  who  published 
hia  monograph  on  ^'  The  Cocistitutional  and  Local  E0ect  of  Diseaaea 
of  the  Suprarenal  Capsules  "  in  1855.  The  characterLstic  aymptoms 
of  the  diaeaae  are  aHEemia.  general  debility,  feebleneafi  of  the  healths 
action,  gastric  diaturbancea.  and  pigmentatioa  of  the  akin  aad 
mui^ous  membranes.  The  suprarenal  glands  aro  generally  found 
after  death  to  be  affected  by  tubercular  disease,  atrophy,  or 
malignant  growth.  It  ie  interesting  to  note  that  in  Borae  cases 
no  leaLOii  has  been  found  in  the  Huprarenal  bodies  themflelves, 
but  in  the  semilunar  ganglia.  The  two  chief  theories  which  have 
been  advanced  to  explain  the  symptoms  of  the  disease  are  (1)  that 
the  condition  is  due  to  the  loss  of  the  internal  secretion  of  the 
suprarenal  gland^  and  (2]  that  it  is  cause-d  by  a  pathological  con- 
dition of  the  abdominal  sympathetic  system.  The  unfavourable 
results  which  have  attended  the  treatment  of  the  disease  by  the 
administmtion  of  sstracts  of  auprarenal  gland  or  of  adrenaUa 
do  not  support  the  theory  of  internal  secretion,  and  the  pathology 
of  the  diaeaae  requirea  further  consideration  in  the  light  of 
LaDgley's  work  upon  the  relationship  between  adrenalin  and  the 
sympathetic  system. 

In  adrenalin  the  physician  and  the  surgeon  find  theii  most 
valued  styptic.  The  drug  is  now  extensively  used  in  dentistry, 
ophthalmic  surgery^  midvrifery  and  gyna^ology,  na  well  as  in  ordi- 
nary medical  and  surgical  practice.  It  la  interesting  to  note  tliat  it 
was  discovered  in  a  purely  scientific  research  which  involved  the 
vivisection  of  animals,  and  that  its  limitations  have  been  studied 
by  similar  work.  Its  administration  should  be  guided  by  the 
fart  that  the  effects  produced  upon  any  tissue  are  such  as  follow 
iiEcitation  of  the  sympathetic  nerve  which  suppUee  the  tissue.  It  is 
contra- indicated,  aa  Brodie  and  Dixon  show,  in  casea  of  hromorrhage 
from  the   lunga.     Although  the  progress  of  discoTery  has  been  so 
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rapid  since  tbe  publication  of  Oliver  and  Schafer'a  work,  yet 
much  reinainn  to  be  mplained.  How  does  the  aJrenaliii  act,,  and 
what  ore  the  chemical  conditions  which  underlie  ibfi  property  of 
stimulating  muscle  fibres  and  glands  which  aro,  or  have  been, 
supplied  hj  the  sympathetic  nervous  aystem  1  This  13  a  qu€€tioo 
of  fundamental  importance,  and  time  alone  can  show  whether 
its  solution  is  beyond  the  combined  efforts  of  physiologista  and 
cbemiats^ 

Nou.-^Thirt  ifl  probably  a  ocmnectton  belwetn  tb&  atipnir«Dftl  (^Inoda  nad  tbo 
uinal  lyttam-  In  »he  frtig  thete  nf*  saaflonnl  varJatiotoj  in  tJ«  airadtart  of  ih& 
gUnd  coiTHpotidtDg  10  the  period  of  puiribg  {StUHugl.  Id  tha  anag  of  r&bbitB 
thv  iLipmrDiial  capntiLoa  undorKo  chnugcB  In  rolamJ^  dufing  prc^nncj-r  the  outer 
lane  of  the  corlen  becoming  twice  Cbe  ttorm^l  thickoBu  ab  tliq  eipefiae  of  the 
modnlla  ^qd  inner  cuilai  (QoUschomy  Serer&l  ciLfOa  bavQ  bccu  recDi^od  of 
citiacriliLiiry  precacltj  of  a»ajLl  dereZoprntnt  in  chUdren  uaooinEed  with 
bTpertroplAf  of  Eha  AaprATeoal  capfDlea-  Atrophy  la  H^soclated  with  con- 
rtHVfllnpmMt  of  the  pnMr?  b»ir  and  ^aqLIhI  orgniiB.  Ttie  cortei  i?.  Therefore, 
probahlj  aonnBcted  vith  the  growth  o(  the  body  and  Lbe  development  of 
pubffrty  and  hiiuI  TDfttnritj. 
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THZ  PBCTDCCnOV  QT   LTHPH 


TW  IJMnr  bid  k  iillj—rclr  dnmd  saJ  RfkoUed  from 
tbe  bkiod  ia  tb  **p^*— ^**  Frtm  H  Um  bwoe  tMnrnta  lake 
«p  tlie  mrtwhah  mooematfhai  tfaHv  vnkooi  giMbghp  pcooeojc^ 
tttta  to  It  tn^  ntum  tM  pvodncCi  v  nav  kstaooBvL 

The  infileiD  to  be  ^noMed  k  l»w  tin  intaclusge  at 
T***4***^  btLliwjaft  the  blood  and  ^  tMOBB  ia  cuned  on  mava 
the  fluid  in  the  la— f  apftoe. 

We  ahflll  fim  CNHuider  Uw  cxpemnenuJ  evidenos.  A^wing 
the  me&iu  by  vhach  nutanil  out  be  aude  to  pttJt  to  and 
from  the  tianw  fluid,  prooteia  vlucb  &re  calM  hnedy  Vjmph 
fonnatioD  «Ad  ttfa»orpucML  HAris^  ihaa  uccrt^uiifd  the  poesible 
£ftetoi8  ftt  work,  we  ohaD  oonoder  Low  the  Aotntion  of  the  tumeo 
it  iiomulfy  ■observed  b7  the  tunie  fluid — m  othir  words,  bow 
the  limie  fluid  u  regulated  both  in  qiuntitT  end  oompoaHioo 
acoordiog  to  the  iieed«  of  iht  ti«aiie  ctDs. 

It  ifl  obvioofl  that  baeue  fluid  might  h&ve  &  secood  focctioi; 
to  perform^  It  might  give  ap  uid  tftke  from  tbe  blood  m&t<!rial. 
and  to  aid  the  eKcr^toiy  glands  io  regoladng  the  volume  and 
coiDpowtion  of  the  circuUUDg  blood-  This  fimctkiD  will  be  d^t 
with  incidentally. 

The  ducidation  of  the»>  problems  k  from  the  outset  frai^ht 
with   the    fundamental   diifienltr  tb&t  we  cannot  collect   taaBiie 


^  fti«  MvnpitJ  for  niDpUcitj  thranghoat  thi«  article  that  tb*  Irmphatie* 
fftrm  an  opta  lusd  not  a  clowd  Byotcm  of  tcbkIa-  Tbe  point  U  it  present  cat  rf 
aDceriAmtT.  If  tbe  tjeum  ii  dtweii,  tfsaac  fluid  ia  order  tu  [each  a  Ijiophatlo 
rc4icl  iroaJd  hire  to  pua  throosfa  tbe  eudolboUum  of  tbe  lyiopbalic. 
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fltdd  for  examlsatrion.  ConHequently  we  have  no  direct  meaDs 
of  knowing  the  exact  compoaition  of  the  materials  intert^banged 
between  a  tieaue  cell  and  tiaaue  Euid  oa  the  one  hand.  o,nd 
the  tissue  fluid  and  blood  f^apilIfl^y  on  the  other. 

The  nearest  approach  to  tissue  Huid  which  ia  avaUable  for 
examination  is  the  lymph  which  can  he  collected  from  one  of 
ths  maut  lymphatic  truuka  oE  the  body.  The  flow  along  the 
thoracic  duct  and  the  main  trun^  of  tho  neck  is  continuouB,  but 
in  the  cose  o£  a  limb  it  m  neoessary  to  perform  pae^ve  move- 
ments of  the  limb  in  order  to  obtain  a  continnouB  tiow. 

The  lymph  in  a  large  lymphatic  veaael  represents  the  overflow 
from  any  or  all  the  interstitial  spaces  which  the  vessel  drains. 
Since,  aa  we  shall  ece,  material  passes  back  from  the  tiesuo  Huid 
direct  into  the  blood  capillary,  it  follows  that  lymph  in  a 
lymphatic  is  not  the  same  as  tissue  (]iiid.  In  composition  it 
must  be  dJfierent  from,  that  of  aoy  tissue  fluid,  and  it  will 
vary  according  to  the  different  combinations  of  tissues  from 
which  it  is  being  derived.  In  quantity,  while  it  is  conceiv- 
able that  an  active  intGrcbange  might  go  oo  between  the 
tissue  fluid,  the  tiasues  and  the  blood  without  any  over3ow  from 
tho  tissue  spaces,  an  increased  overflow  into  the  lymphatic 
vessels  muet  have  been  preceded  by  an  increased  fonnatioa  ol 
tissue  Hwd. 

In  spite  of  these  neceasary  difTereoces  between  the  flnid  in 
the  tissue  spaces  and  that  in  the  lymphatic  veasels,  both  may 
be  referred  to  generally  aa  lymph. 

Tho  subject  of  lymph  formation  and  absorption  is  one  not 
merely  of  phyalologicat  interest,  but  also  of  great  pathological 
and  medical  importance.  In  many  condltiona  of  circulatory 
distuibaoce  and  of  inflammation  fluid  accumulates  in  the 
subcutaneous  tiasues  and  the  serous  cavities.  Dropsy  is  also 
liable  to  occui  in  certain  forms  of  kidney  disease,  and  a  localised 
oedema  of  the  skin  may  take  place  in  certain  individuals  after 
eating  sLell-fish,  strawberries,  ^c-^  and  in  other  less  well^deJiued 
conditions.  Wo  cannot  liopc  to  understand  these  pathological 
oedemas  until  wo  have  arrived  at  an  accurate  knowledge  of  tho 
process  of  normal  lymph  production  and  the  conditions  whioh 
regulate  it 
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Experiments  dealing  with  Lymph  Formation 

The  metttwl  oi  investigating  normal  lymph  formation  is  necea- 
fiarilj  experimental  vA-lthougli  we  clasaifj  all  such  eKperimente  u 
pkyeiologioal,  it  must  be  remembePcd  that  many  of  them  are 
just  aa  pathologioal  aa  those  wluch  occur  in  the  body  aa  the 
reaiiJt  of  diseaj^e.  It  Is  dear  that  tissue  fluid  is  always  being 
fonoed  and  al>3arbed  in  the  boily,  and  we  wiah  to  find  out  Low 
and  in  reaponaa  to  what  this  proceoa  is  carried  out.  In  order 
to  do  this  with  certainty,  our  expenmE?nta  should,  if  poasihlo,. 
reproduce  conditions  which  are  norma)  to  the  healthy  body. 
Such  eiperiraents  are  truly  physiological.  The  same,  however, 
caruiot  be  said  of  many  of  the  earlier  experimenta  dealing 
with  this  subject.  They  brougbt  to  hght  a  number  of  factors 
which  can  alter  lymph  formation,  but  under  erperimeutal  con- 
ditions  which  were  highly  abnormal.  For  instance,  the  injection 
of  leech  e:ctract  into  a  dog  mcreaaes  the  lymph  fiow  along 
the  thoracic  duct.  This  is  a  wholly  abnormal  coadition,  and 
it  does  not  follow  that  the  factors  involved  play  any  part  in 
normal  lymph  formation.  The  first  thing  to  be  decided  ia,  onder 
what  phyaiologicftl  conditions  in  the  boily  Jb  the  formation  of 
lymph  altered.  And  then  to  diacuas  by  what  process  or  factors 
this  alteration  is  brought  about' 

The  answer  to  the  first  question  boa  been  given  by  the  work 
chiefly  of  Asher  and  his  pupils. 

jiaAer'j  nicin  was  first  published  in  1697_  He  maintains 
that  lymph  in  a  lymphatic  vessel  is  a  product  of  the  activity 
of  tissue  cells  and  independent  of  blood  preaaurc.  The  Lmnaedjato 
cause  of  increased  lymph  £ow  is  to  be  looked  for  in  an  inciea^d 
of  the  metabolism  or  specific  activity  of  cells,  and  according  to 
the  intensity  of  this  activity  the  quaotJty  and  coucentration  of 
the  lymph  will  alter. 

Asher  drawa  a  sharp  distinction  between  tissue  fluid  and 
lymph  in  a  lymphatic  vessel.  Tissue  fluid  ia  derived  from 
the  hlood  and  carries  nutriment  to  the  tissues:  it  also  receivea 
katabohc  products  of  ooll  activity.  Of  these  products  aomo  arc 
non-poisonous  and  pass  back  direct  into  the  capillary;  others, 
however,  are  poisonous,  are  removed  from  the  tissue  sp&ces 
ID  aolutioa   a3    lymph,   and    in    their    passage    through   lymph 
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gknila  are  rendered  non-toxic  before  passing  into  the  general 
oirculatioQ- 

The  experitneQtai  evidence  brought  forward  b7  Ashef  to  Bhow 
the  tOEioity  ol  lymph  consisted  in  injecting  into  the  cftrotkl  artery 
of  a  dog  20  c-c.  of  [U  own  defibrinJited  lyrapli  derived  fmm  the 
cervical  lymph  trunk.  He  observed  alterations  in  the  blood 
preasuro  curve  and  in  the  respiratory  and  cardiac  rh3^hin3,  which 
were  absent  when  eimii&r  quantities  of  nonnnl  salt  eolution  or  of 
the  animal's  own  defibrJnated  blood  were  injected.  In  the  cat, 
Brodie  has  shown  that  intravenous  injection  of  the  animafs  own 
blood  eerum  or  detibrinatcd  hydrocele  fluid  causes  arrest  of 
rRspiration^  inhibitioD  of  the  hearty  and  general  vaso-dilatatdon ; 
that  the  active  subatanee  is  a  proteid,  produced  when  the  blood 
clots  aud  connected  with  the  presence  of  blood -corpuBcles.  He 
was  unable  to  obtain  ^ooilar  typical  ejects  in  dogs.  Considering 
the  amalincss  o£  the  effects  obeorved  by  Asher,  it  may  wcU  be 
doubted  whether  they  were  due  to  poisonous  subatancea  produced 
by  ti^ue  metabolisni,  and  not  to  substances  liberated  into  tha 
lymph  during  defibrination.  Aaher  has  nob  shown  that  lymph  after 
leaving  ij'mph  glands  is  leas  toxic  than  before  it  has  reached  theta, 

Asher'fl  most  important  experiments  in  proof  of  the  proposition 
that  increased  lymph  fiow  always  accompame*  increased  cell 
activity  are  the  following  : — 

(1)  Activity  of  the  aabvary  glands  brought  about  refleily  from 
the  mouth  increases  the  fiow  along  the  cervical  lymph  trunk* 
But  if  the  glandular  activity  ia  prevented  by  atropin,  then,  as 
Colmheim  showed,  stimulaticn  of  the  chorda  tympani  lea:]s  to  no 
increase  in  lymph  fiow  in  spite  of  the  vaso- dilatation.  Bainbridgo 
hoe  confirmed  this  result. 

(3)  Intravenous  injectioD5  of  bile  or  the  liberation  of  hiemoglobin 
within  the  circulation  are  known  to  increase  the  activity  of  the 
hver.  Correspondingly  they  increase  the  flew  of  a  more  con- 
centrsted  lymph  along  the  thoracic  duct.  Bainbridge  haa  con- 
Ermed  these  results,  using  isotonic  solutions  of  sodium  tauroeholat« 
and  hsimc^lobin^  Hd  has  further  sht^wn  that  tha  pressunsa  in  the 
aorta,  inferior  vena  cava,  and  portal  vein  are  unaltered;  that  the 
lymph  does  come  from  the  liver,  but  is  not  so  concentrated  as  that 
obtained  by  Ejection  of  peptone;  and  that  the  results  of  their 
injection  and  their  mode  of  action  is  different  from  either  class  of 
Heidenluun's  lymph  agog  uea. 
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(3)  A  meal  of  pure  proteid  causes  an  inoreaeed  flow  of  more 
concentrated  iympli  along  the  ttoracic  duct.  The  curve  of  t\m 
laCT^aAcd  flow  runs  parallel  to  tbo  curve  of  riitrogaa  eJccreted  m 
thp  urins,  flhowing  maxima  at  the  socond  and  sixth  hoars  after  iha 
meal.  Aaher  did  cot  investigate  the  vascuJar  chenges  during 
digestion.  He  aleo  ahowKid  that  by  Injecting  tb^  solution  of  an 
aaaimilable  proteid.  like  casein,  into  the  portai  vein,  he  produced 
an  incrc>ascd  flow  along  thd  thorocio  duot>  preaumably  hy  etimu- 
lating  the  liver  eella, 

(4)  He  attempted  to  show  that  injections  of  solutions  o( 
ammonium  carbonate  or  tartarate  into  the  portal  vein  increased 
the  flow  of  a  more  concentrated  lymph  along  the  thoracic  duct  by 
atiraulating  the  liver  cells  to  produce  urea.  Baiubridge  has  re- 
peated these  ejcperiments,  but  was  unab!^  to  coniiTm  Asher's 
oODcluaions.  He  lound  that  all  ammonium  salts  were  highly  toxic, 
producing  intravascular  clotting  aad  cardiac  failure,  or  muscular 
twitching  and  fall  in  arterial  pressure  or  extreme  dyepno^a;  that 
an  increased  lymph  flow  only  occurred  when  toidc  eympioms  were 
present  aud  could  be  amply  explained  by  them :  further,  that  in 
fasting  doga  nrnmouium  chloride  is  not  converted  into  urea,  and 
yet  It  causes  an  increased  lymph  flow. 

(!3)  He  further  attempied  to  show  that  the  formation  of 
^ycogrtn  by  the  liver  following  an  estremely  slow  iujection  of 
destroee  into  the  portal  vein  was  accompanied  by  an  increaficd 
flow  of  lymph  of  unaltered  concentration.  The  experimenta  are 
not  conclusive,  no  data  are  given  to  show  that  glycogen  was 
formed,  and  the  injeotion  cf  a  crytttalloid  nuaes  other  possible 
explanations. 

(fi)  Bainbddge  has  shown  that  the  secretion  of  pancreatic 
juice  caused  by  the  injection  of  secretin  is  accompanied  by  an 
increased  flow  of  lymph  aloug  the  thorai^ii:  duct.  Secretin  also 
causes  vaso- dilatation  of  the  pancreas,  lasting  as  long  aa  the  juice  is 
being;  secreted,  but,  aa  in  the  case  of  the  saUvary  glanda  and  liver, 
it  is  probable  that  the  increased  lymph  flow  is  independent  of  the 
vaso-dilatation,  although  this  has  not  been  proved  for  the  pancreas, 

Aaher  and  others  have  thus  demonstrated  tliat  in  certain  cases 
increased  tisaue  activity  is  associated  with  increased  lymph  How, 
and.  as  no  inatauce  is  Imown  of  increased  ceU  metaholiara  unac- 
companied by  increased  lymph  formation,  it  ia  fait  toaaflume  that 
this  aeeocjatlou  Is  constant. 
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But  is  increa^d  ci^ll  metflboliam  the  only  phyaiologicn!  cdh- 
ition  ft39acuit«d  with  increaasd  lymph  flow  ?  Aaher  cutisidera 
tliat  it  is.  So  far  aa  tlil^  association  ia  concerned  we  have  still 
to  diacusa  the  way  ia  which  lymph  fonnfition  is  altered  daring 
tissue  activity.  We  shall  deal  ^ith  this  point  later- 
Previous  observera,  Ludwig,  Hoidenhain,  Kambarj^r  Starling. 
Ac.,  had  demanatrat4*d  a  number  *if  experimental  mean^  by 
which  lymph  fiow  could  be  tncreaaed.  It  is  true  that  in  many 
C4BeB  it  would  be  hard  to  maintain  that  the  experiments 
reproduced  conditiona  which  are  known  to  occur  in  the  normal 
body.  Nevertheless  these  experimeuts  are  of  great  importance  in 
the  history  of  the  aubject.  Besides  detailing  these  older  experi- 
meuta  and  ainaidering  the  views  held  on  th<?!r  mode  of  action,  it 
la  n©ce*aary  to  consider  their  relation  to  the  results  obtained  by 
Asher,  There  arc  three  possible  relations  between  the  factors 
concerned  in  lymph  formation  as  demonstrated  by  theaa  experi- 
ments and  tissue  activity:  they  might  alt? c  lymph  flow  by  affect- 
ing tiMue  activity,  or  they  might  be  the  means  by  which  tisane 
activity  brings  about  an  altered  lymph  flow,  or  they  might 
constitute  an  imiepcndent  fxperimcutal  means  of  altonng  lymph 
flow  which  might  or  might  not  play  a  part  in  lymph  formation 
in  the  normal  body. 

Before  prcn'p^nling  to  tlip  ai.-tual  experimenta  it  is  necessary 
to  consider  briefly  two  lactora,  filtration  and  difTiisioii,  which  pUy 
a  considerable  part  in  theae  views  and  oxpcrinienta- 

By  Jilfrafion  ts  meant  tho  prtasage  of  water  and  dissolved  sub- 
Htanci-s  through  a  membrane  owing  to  the  difTerence  of  hydro.^tatic 
pressure  on  itit  two  aide«.  which  diOerence  constitntes  the  filtering 
force. 

The  filtralc  obtained  from  any  given  fluid  varies  both  in 
quantity  and  composition  with  changed  in  the  filtering  force  and 
the  permeability  of  the  membrane. 

A  dead  animal  membrane  h  of  such  a  nature  that  while  it 
let.s  through  all  cryst«llr>Ld»  In  Hohjtion,  it  keeps  back  aQ  eolid 
undiflsoived  substances  and  a  proportion  of  diaaolved  colloids. 

If  such  a  fluid  as  blood  aenun  is  filtered  through  an  animal 
membrane  it  la  found  that  the  total  quantity  nf  filtmlc  variee 
directly  as  the  filt'Cring  force,  and  for  diffetent  membrauea  directly 
as  the  permeability  of  the  membrane. 

As  regards  the  composition  of  the  filtrate,  a  distinction  baa  to 
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be  drawn  between  the  cryfitalloida  and  colloidfl  in  solutior.  In  the 
filtratiun  of  crjatalJoidft  the  concentration  of  tlie  filtrate  U 
approximatelr  tbat  of  the  original  solution.  In  tbe  filtration  of 
Golloida  the  concentration  of  the  filtrato  is  always  has  than  that 
of  the  original  aolutioiij  and  varies  directly  as  the  permeability  of 
the  membrane.  The  relation  of  th*  filtering  forro  to  the  con- 
centration of  colloid  in  the  filtrate  k  difTerentn  With  a  given 
memhrane.  when  the  filtering  force  is  increased  the  absolate 
quantity  of  colloid  pa&aing  through  is  also  iiicrcaaed:  hut  it« 
concentration  ia  decreased  boc-ausa  the  rate  of  filtration  of  th^ 
solvent  rises  even  more  rapidly. 

By  di/TjiJiion  (dialjHiH)  is  n»eant  the  interchange  of  fluid  or 
substance  in  solution  between  two  fluida  separated  by  a  permeable 
membrane  and  under  the  same  hydroabatic  pressure. 

The  rate  of  diffusion  depends  upon  the  rL^lation  between  tbfl 
penneability  of  the  membrane  and  the  size  of  the  moleculea  of 
the  Hnhfltaiice  in  aolutioii.  The  molecules  of  hlooil  proteids  are 
80  large  that  tbeir  diSuaibility  through  dead  animal  membranes  ia 
insignilicflnt  and  may  be  diaregardetl. 

Neither  ejcperimental  filtration  nor  diffusion  alone  repreaenta 
the  conditions  in  the  body.  To  imitate  these  we  must  have  a 
fluid  cifcidftting  in  tul:>ea  urxler  prcasure  and  separatad  by  a  poroua 
membrane  from  a  diSerent  fluid  under  lees  ptesaure.  The  inter- 
change bctwocn  these  two  fluids  wilt  be  the  sum  of  filtratioB 
and  diffusion,  a  process  which  has  been  called  transudation. 

Tlie  amount  of  transudate  formed  experimentall7  under  these 
conditiotis  depends  on  three  factors :  (a)  the  difference  between  the 
hydrostatic  pressure  of  the  fluid  inside  and  outside  the  mem- 
brane- i.e.  the  filtering  force,  {b)  the  permeabihty  of  the  membrane, 
and  (c)  the  ditTerance  between  the  osmotic  pressure  of  the  two 
fluids.  m 

Theory  of  Ludtvig.- — Tn  1850  Ludwig  pnbliahed  his  celebrated  B 
mechanical  view  of  lymph  formation,  into  which  only  two  factora 
entered,  namely,  filtration  and  diffusion. 

According  to  this  view  lymph  is  easentiaUy  the  fluid  part  of 
theiblood  filtered  off  by  the  capillary  blood  preaaure  through  ih& 
capillary  wall  and  altered  by  the  membrane  introducing  a  great 
resistance  to  the  passage  of  proteids.  Jn  quantity  it  will  vary 
directly  as  the  variations  in  the  capillary  pressure-  Ita  composition 
is  the  reaoltant  of  two  variables :  the  composition  oE  the  blood 
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wliich  inay  be  altered  by  food,  eicretiou  by  tbL*  kidneys,  &o. ;  and 
the  composition  of  the  tiaaue  fluid,  which  ia  altered  by  metoboliam 
in  the  tiaauea.  In  both  the  latter  caaps  the  ckangefl  taking  place 
in  the  lymph  are  brought  about  by  diffusion. 

The  eiperimfntal  evidence  brought  forward  by  Ludwig  in 
BTippott  of  his  theory  whp  an  attempt  to  show  that  there  waa  a 
direct  relationship  between  capillary  blood  pressure  and  lymph 
flow  from  a  part.  He  and  his  pupils  ahowed  that  lymph  flow  was 
increased  by  the  foUowing  rneaoa  :  by  obstnicting  the  venous 
return,  by  overfilling  the  vaa^rular  syatem  with  either  blood  or 
nomial  salt  aolutioii.  Vaso- dilatation  brought  about  by  aection  of 
vaao -constrictor  nervee  gave  variable  results*  but  active  vaao-djla- 
tatjon  from  stimulation  of  vaao-diJator  nerves  generally  cauaed  an 
increased  lymph  flow.  Most  subsequent  observers  Lave  confirmed 
these  results.  But  Lazarus- Barlow  did  not  find  that  ligature  of 
the  femoral  vein  in  a  dog  increased  the  lymph  flow,  although  the 
preMure  in  the  vein  waa  from  50  to  75  mm.  Hg  for  an  hour. 
Although,  in  the  extremities  at  any  rate,  no  very  Bltiking  paratlcliam 
between  lymph  flow  and  alteTations  of  capillary  blood  preaanre 
either  from  the  arterial  or  venous  aide  haa  been  found  to  exist, 
there  can  he  no  doubt  that  variations  in  capillary  blood  pressure 
are  associated  with  an  Interchange  of  fluid  between  the  capillaries 
and  tlasne  apaces^  For,  estimations  of  the  c{>rpuscul&F  and  bEi;'nio- 
globin  oontent  of  venoua  blood  have  shown  that  increased  capillary 
blood  pressure  ia  aasociatod  with  an  increased  concentration  of  the 
blood  and  a  decrease  of  blood  pressure  with  a  decreased  con- 
centrfltion. 

With  regard  to  diffusion  between  blood  and  lymph,  [t  had 
been  known  long  before  Ludwig's  theory  was  pubhahed  that  dyca, 
eugar^  salts,  kc,  introduced  into  the  blood  or  lymph  foon  appeared 
in  the  other, 

Of  these  two  factors,  diffusion  and  filtration,  no  one,  as  we 
Bball  »ec,  doubts  that  di^uaion  may  play  a  not  iiLConsiderable  part 
in  experimental  and  physiological  lymph  formation-  But  in  re- 
gard to  filtration  both  Heidenbain  and  Hamburger  have  denied 
that  it  is  fin  important  factor  even  in  experimental  lymph  Eorma^ 
tion.  and  we  imi^^t  now  consider  their  objeftioris  to  Lndwi^*a  view. 

View  of  llfidaihairi. — This  view  was  published  in  1**0L  Ex- 
perimenting on  the  lymph  flow  from  the  thoracic  duct  in  dogs, 
lleidenhain  came  to  the  conclusion  that  it  was  imposmble  to  explain 
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his  resolte  by  filtration  itnd  diSuflton.  He  tberGfore  ftasumed  tbe 
intervention  of  the  vital  activity  oi  cells,  and  put  forward  the  view 
that  lymph  la  secreted  by  the  cells  of  the  cajiillary  walL  This 
flocretory  activity  ia  aided  by  physical  forces,  but  can  and  Joea 
override  thcra.  He  further  considered  that  he  had  ahown  that 
this  flocrction  could  be  stimulated  by  chomical  subatancea  intro-j 
duced  into  the  biood,  and  suggested  that  in  the  body  the  product 
of  i^U  katabnlism  had  a  similar  lyitiphagogue  action-  He  ah 
suggested  that  the  fiecrettou  mighb  be  under  the  direct  control 
the  nervous  system. 

The   eiperinents  on  which   Heidenhain   relied  to  ehow  thai 
blood   presaure  and  lymph    flow  do  not  run  paralld  have  been 
repented  by  Starling,  and,  although    the   results   have  been  coflH 
firiued*  it  has  been  shown   that  they  are   open    tu  explanation 
on  Ludwig^s  theory.      Hoidenhain's  more  important  expcrimenta 
were : —  ■ 

(J)  Ligature  of  tbe  portal  vein.      This  increased  the  lymp™ 
flow  four    to     Ave    times;   tbe  lymph   contains  less  proteid   per 
cent-  than   normal  and  m  bloud-stiuiied.     This  residt  is  obviousl^f 
capable  of  e^rplanation  on  the   filtration   theory,  as  due  to  a^ 
increased  capillary   pressure   eauaing   increased    filtration   and  a 
decreased  concentration  of  proteid  in  the  filtrate. 

(2)   Obstruction    of   the  thoracic  aorta   causes   a   great    fall 
blood   pressure  below  the  obstruction.     The  lymph  flow  is  geiw 
ally  decreasedn  btit  may  be  unaltered  or  slightly  increased,  but 
all  c&see  the  percentage  of  proteid  ia  increascd- 

Stf^rling  pointed  out  that  since  Heidenhain  considered  change 
only  in  the  arterial  and  not  in  the  venous  pressures,  it  was  ii 
possible  for  hlni  to  deduce  the  change  in  the  capillary  preasi 
He  showed  that  pressure  in  the  portal  vein  falls  greatly,  but  in  tl 
inferior  vena  cava  is  unnltcrud  or  slightly  increased,  Thorcfi 
the  pressure  in  tbe  intestinal  capillaries  is  very  far  below  normi 
but  in  the  liver  capillaries  is  either  unaltered  or  slightly  increased. 
By  ligaturing  the  hepatic  Ivmphatica  he  stopped  the  flow  along  the 
thoracic  duct  absolutely,  showing  that  in  this  experiment  all  th^ 
lymph  waa  coming  from  the  Uver  iiy  this  and  other  experimei 
he  demonstrated  that  the  lymph  in  the  thoracic  duet  i: 
miKture  of  two  ftuid^r  one  with  a  high  percentage  of  proi 
coming  from  the  liver  and  the  other  with  a  less  percentage 
the  IctesUneB- 
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(3)  Obstruction  of  the  inferior  vena  cava  between  tbe  heart 
And  hopatic  vciiia  cflusoa  a  gient  fall  of  arteriftl  pressure,  tbo  in- 
testines becoming  blanched.  The  lymph  flow  ia  increased  ten 
to  twenty  times,  and  contains  tbe  same  increaaed  percentage  of 
prottiida  an  in  the  prev^fouH  esperiinent. 

Starling  showed  that  the  Sflmp  fallacy  &s  before  underlay 
Heidenhain'fl  interpretation  of  the  result.  The  pressure  in  the 
aorta  mav  fall  to  a  third,  but  that  in  the  portal  vein  and  inferior 
vena  cava  is  considerably  increoaed^  The  capillary  pressure  in 
the  intestines  la  probably  decreased  on  the  whole,  hut  that  In  the 
liver  must  be  iucreaaed  three  to  four  times.  Ligature  of  the  liver 
lymphatics  etopa  all  3ow  along  the  thoracic  duct  in  thia  ex- 
periment. 

(■1)  Injection  of  any  of  Heidenhfiin'g  sonond  claaa  of  lympha- 
gogues,  whirh  includes  various  crystalloids^  liuch  as  sugar,  urea. 
aeJtat  kc.  The  injection  of  theae  in  concentrated  solution  causes 
an  enormously  increased  flow  of  leas  concentrated  lymph  and  a 
more  watery  condition  of  the  blood.  The  arterial  preasiife  may 
be  slightly  increased,  but  it  13  not  proportional  to  the  lymph 
flow- 

Ueidenbaiii  rejected  a  physical  explanatiDD  of  the  action  of 
these  substances,  in  spite  of  tho  fact  that  the  increase  in  Jymph 
flow  waa  known  to  be  proportional  to  the  osmotic  pressure  of  the 
solution  n^ed.  The  phyaica!  explanation  he  himself  propostMl  and 
rejected  was  that  the  injecteil  cryatalloid  r&pidly  diflu»ed  into  the 
tissue  spaces  and  attracted  Huid  there  from  the  tissue  cells  and 
fibres.  His  reason  for  rejecting  it  was  hia  observation  that  directly 
after  the  injectioa  was  over  the  perc<:iitage  of  the  lymphagogue 
began  to  fall  in  the  blood  aad  rise  in  the  lymph,  until  the  lymph 
contained  a  greater  percentage  than  the  blood,  Thiu  condition  of 
things  he  considered  incompatible  with  diffusion^  and  only  cap- 
able of  explanation  by  the  secretion  of  the  crystalloid  into  the 
lymph  by  the  capillary  walls- 

Leathes  had  shown  that  tbe  injection  of  such  solutions  In- 
creased  the  volume  of  the  circulating  blood  by  attracting  iluid  into 
it — ia  other  words,  caused  a  condition  of  hydremic  plethora^ 
Starhng  dcmonfltrated  the  influence  of  this  condition  on  capillary 
blood  prcsaurc  by  moafiuring  the  pressures  in  the  aorta,  the  portlU, 
vein,  and  inferior  vena  cava  aimultaneoualv.  He  found  that  wl 
the  aortJc   pressure  wjis  but  liL  a  im 
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and  short  rise  in  the  inferior  ?ena  cava  and  &  marked  And  mi 

prolongeiJ  na^.  in  the  pcrtal  vein.  He  canaiJercd  the  iucrei 
capiibrj  prcMure  sufficient  to  ejipkin  the  whole  Irmph  flow  a^ 
the  result  of  iocreaaed  filtration.  He  further  ahowed  that  it  tS 
plethora  be  prevented  by  bleeding  the  animal  previous  to  th« 
injectian^  the  prescnee  of  the  erystalloid  in  thB  hlotMl  failed.  to_ 
mcrt^ase  the  lymph  flow.  This  lost  obsetvation  dispoaea  of  HeLt 
hain'a  view  of  the  action  of  these  bodies. 

Starliuff'a  explanation  of  the  lymplL  tlow  aolelj  as  the  reeult 
hydnemic  plethora  is  also  no  longer  tenable.  Lazaru^'Barli 
confinned  Starling's  reaults,  hat  objected  to  hia  interpretfltion 
them.  He  |jointed  out  that  the  Increafltid  lymph  flow  Listed 
much  longer  than  the  riae  in  venous  prci^ure^  Ajsher  has  sioM 
ahown  that  the  increased  lymph  flow  will  contioue  long  after  tW 
death  of  the  anhnal,  and  rtiuat  then  be  iudependerit  of/eapUIai 
pre.Mure. 

Heidenhain's  afH^ond  {icintt  that  some  time  after  the  injecl 
the  percentage  of  the  aubatance  may  be  greater  in  the  lynaph  tl 
in  the  blood,  has  been  confirmed  by  aubsequent  observers.  But 
Cohnstein  has  pointed  out  that  it  ie  impoasible  to  infer  from  thia 
observation  that  the  same  differeree  exists  on  the  two  sides  of 
a  ojipillftry  wall.  For,  ftubstancoii  iiijerted  into  the  bltmd  tahe  some 
time  to  reach  the  thoracic  duct,  and  will  lake  different  lengths  g£ 
time  from  different  area^.  ThcreEoro  by  exammitig  the  lyiapL  M 
tbe  thoracic  duet  It  is  impossible  to  say  what  percentage  of  tbo 
aubstaoce  is  present  in.  tissue  fiuid  outaide  a  capillary.  He 
therefore  compared,  not  simultaneous  spedmens  of  Wood  aod 
lymph,  but  the  majdmal  perceutage  attained  in  the  lymph,  which 
he  found  waa  not  higher  than  that  in  the  blood.  This  result  hits 
been  denied  by  Mendel,  who  found  that  the  maidmal  perceatage 
of  Nal  was  greater  in  the  lymph  than  in  the  blood,  but  not  Jj 
the  kidneys  were  ligatured, 

(5)  Injection  of  Heidenhain'a  first  claaa  of  lympbagoguea,  wl 
included  such  substances  as  extract  of  leeches,  mussels, 
crayfish,  Witte's  peptone,  e^g-albumin,  &o.  To  this  list  ba* 
subsequently  been  added  nuelein,  various  bacterial  products  a^| 
toiina,  and  extrat^t  of  strawheriies.  Their  injection  cattaes  S 
increased  How  of  more  concentrated  lymph-  The  arterial  prMeoreti 
is  cither  lowered  or  unaltered.  The  blood  and  lymph  lose  tl 
coagulabiJity,  and  the  blood  becomes  more  concentrated  from 
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of  plasma.  In  proof  o!  the  lymphagogue  action  of  thcae  aubstancea 
Heidenhain  furthf'r  pnintei  out  that  after  prolonged  obatru^^tion 
o(  the  aorta  tliey  cease  to  act  as  lymphagogues,  owing,  lie  con- 
Bidered,  to  the  deatti  of  the  capillar?  endothelium. 

Starling  aboivcd  by  ligaturing  the  liver  lymphatioB  that  the 
increaaed  lymph  Eow  comes  chiefly  from  the  liver,  which  accounts 
for  its  higher  concentration.  He  found  the  pressnre  ia  the 
inferior  vena  cava  unaltered,  but  that  in  the  portal  vein  increased 
owing  to  general  vascular  dilatation.  He  cortsidered  the  lise 
in  portal  preBsure  inau^cient  to  account  for  the  lymph  flow  for 
two  reasons  :  it  would  not  very  materially  increase  the  preaaure  La 
the  hver  capillaries,  and  it  wa*  found  to  last  only  about  half 
&&  loog  IL6  the  increased  £ow  of  lymph-  He  pointed  out  that 
all  these  bodies  are  highly  poiaonoua,  and  therefore  unlikely  to 
stimulate  a  Bccretion,  and  explained  their  aotion  by  an  alteration 
in  the  other  factor  concerned  in  filtration,  namely^  the  permoabihty 
of  the  membrftTie.  He  considered  that  the  power  of  theae 
snbatanccs  to  iaureaae  the  pernieablhty  of  the  capillaries  of  the 
liver,  and  to  a  less  extent  those  of  the  intestines  and  skin  as  well* 
is  analogous  to  the  action  of  curare  and  scalding  on  the  hmb 
capillaries.  He  has  explained  that  the  reason  why  prolonged 
obstruction  of  the  aorta  destroys  the  action  of  these  lymphagogues, 
is,  not  because  a  short  obstruction  doea  not  lead  to  ao  increased 
permeabi^ty  of  the  hepatic  capillaries,  but  is  due  to  the  fact  that 
prolonged  obstruction  so  damages  the  liver  endothelium  that  the 
blood  flow  through  the  liver  is  seriously  interfered  with- 

StarUng*a  interpretation  of  the  action  of  these  anhstancea  has 
been  criticised  by  Aaher  on  the  grounds  that  obstruction  of  the 
aorta,  while  it  prevents  their  action,  can  yet  be  shown  to  lead 
to  greatly  increased  capillary  permeability-  He  showed  that  an 
injection  of  normal  salt  solution,  which  alone  produced  no  effect, 
after  occlusion  of  the  aorta  caused  transiidntion  into  the  serous 
cavities.  Aflher,  however,  admita  that  peptone  alters  lymph  flow 
by  influencing  the  liver,  and  there  is  nothing  in  his  observation 
bearing  upon  either  the  blood  flow  through  the  hvor  or  the  per- 
meability of  its  capillaries- 

A  more?  serious  criticism  of  Starling's  cxplauadon  is  that  it  is 
no   enplanatiun    but   aimplv    "  temeut   of  the   result.       For, 

except  by  the   result-  '^ans  of  judgiti" 

permeability  of  **  here. 
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one  iactor  concerned  in  lymph  formation  might  be  altered,  it 
impoaoible  to  eay  that  a  change  in  penncability  is  the  expJ 
tioQr  Thus,  Cohnstein  fle<^t>Lint«d  for  the  acticn  of  theae  ml 
atftncefl  by  altenitiotiH  not  tn  the  capillary  wall  but  in  the  blood. 
Chaogea  ill  coaj;ulahility  and  destruction  o(  leucocytes  are  known 
to  follow  injection.  And  he  showed  that  the  blood  acrum  of 
^ogH  aft«r  injection  trftnaudcd  more  rapidJy  through  dead  mem- 
branes th&n  normal  aernm. 

Vieic  ftf  [lamhuTQcr. — Independently  of  Heidenhain^  Hamburger 
came  to  the  same  conclusion  that  lymph  formation  codd  not  be 
explained  aa  a  phyj^ical  process,  and  must  therefori;  be  a  acoretion 
by  the  celle  of  the  capillary  wall.  This  eecretion  was  etirred  up  by 
aibatancee  fonned  during  tissue  activity  and  reaching  the  capillj 
w&l]  by  way  either  of  the  ti^ue  fluid  or  Ijlood  i^treain. 

He  worked  at  the  lymph  flow  along  the  main  cervical  trunk 
the  horae.     He  looked  upon  this  lymph  aa  arifljng  solely  from  the 
muaclea  of  tile  neck,  and  overlooked  the  fact,  as  Afiher  pointed  oui 
that  it  is  also  derived  from  the  salivary  glands,  thyroid,  brain, 
Hia  more  important  eiperimcnts  were  th**  following : — 

(1)  Specimens   of  iroruial   lymph  aud  serum  from  the  Ji 
vein  talcen  simultaneously  may  show  very  difierent  percentage 
compoeitionsT  and  further,  the  oamotic  pressure  of  the  lymph 
be  higher  tlian  that  of  the  eemm. 

Cohnstein'a  criticism  of  conclusions  druwn  from  diiTerencea 
the  percentage  composition  of  ainniltaneons  i[[)eciincns  of  lytnpl 
and  serum  have  already  been  referred  to.  Leather  had  confirmed 
Hamburpcr'a  observation  that  lymph  from  a  l^inphatic  vessel 
constantly  under  all  conditions  has  a  higher  oamotic  pressure  thi 
aerum.  This  is  no  objection  to  a  physical  theory  of  lymjih  U 
tion^  but,  aa  Leathes  and  Starliitg  have  pointed  out.  only  t 
expected  from  the  fact  that  products  of  ceL  kataboliera  muat 
into  the  tissue  fluid  ;  a  point  which  will  be  dealt  with  later. 

(2)  With  the  lymph  from  a  horse  at  rest  he  compared  that 
obtained  when  the  horse  ate,  and  whu^n,  with  it^  neck  at  re&t,  i^ 
did  work  with  the  rest  of  its  boily.    The  "fomr'  and  "worb^ 
lymphs  were  increased  in  quantity  and  had  the  same  composition. 
But  the  carotid  preeaure  was  different  in  the  two  experimenta;  j^ 
nise  in  the  fl.rst  and  fell  In  the  second-    He  concluded  that  ^| 
"work"  lymph  could  not  be  caused  by  filtration,  it  must  be  due  to 
a  secrei'Lon  stirred  up  by  products  of  metabolism  from  the 
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and  extTemities  reacliing  tbe  neck  capillariea  by  way  of  the  cir- 
culfition.  Hp  further  flhovred  that  the  greatest  lymph  How  was 
produce^i  when  a  horae  ate  during  tomprca^iou  of  the  jugular  veiiia, 
a  roault  whiuh  he  orplaLned  by  tho  aecumulation  of  metabolic 
products  leading  to  incceased  secretion  of  lymph. 

These  eAperimetita  are  obvioiisl}'  iuuDncluaive  and  open  to  otlier 
interpretationa,  Obaervafcioua  ou  th.e  carotid  jireflsure  give  no  in- 
formation about  copillary  preaaurc ;  during  oseroiac  of  tbe  trunk 
and  lega  it  is  extremely  unlikely  that  tho  ncek  was  completely  at 
rest,  and  no  account  was  taken  of  tbe  iniluenee  of  increased 
respiratory  niovementa  tausing  increased  lymph  flow  along  the 
cervical  trunk;  compression  oi  the  jugular  veina  will  increase  tUe 
captUary  pressure  of  the  part. 

Hamburger  has,  however,  stated  later  that  during  exercise  of  the 
body  with  the  neck  at  rest  there  is  a  fall  in  pressure  not  only  in 
the  carotJd  but  ahty  in  the  jugular.  anJ  yet  tlie  lymph  flow  is 
increased  three  to  five  times.  It  ia  impoaaible  to  explain  this 
lymph  flow  bv  filtration ;  but  until  we  know  that  in  this  eJcperiment 
the  muscles  of  the  head  aod  neck  are  not  doing  work,  it  is 
impossLble  to  say  that  the  lymph  r]ow  is  hod  caused  by  increaaed 
tissue  activity* 

(3)  Another  important  observation  made  by  Hamburger  against 
a  pure  filtration  theory  of  lymph  formation  wae  the  length  of  time 
a  lymph  flow  could  continue  after  death,  a  phenomenon  which  will 
be  considered  later  and  shown  to  be  due  probably  lo  osmosi*. 

\VTien  we  consider  Heideiihain's  and  Hambmger**  experiments 
aa  a  whole,  we  may  certainly  conclude  that  they  fail  to  bring 
forward  any  evidence  which  necessitates  a  behef  in  a  secretory 
activity  of  the  capillary  wall.  Their  experiments  are  capable  of  a 
simpler  phy^it^l  ejcplanatioii,  which  has  been  summed  up  by 
Starling  as  follows ;  "  The  formation  of  lymph  and  its  composition, 
apart  from  the  changes  brought  about  by  diffusion  and  osmosis 
between  it  and  the  tissues  it  bathes,  depend  entirely  on  two 
factors — (1)  The  permeability  of  the  capillary  watl ;  (5)  The  intra- 
capillary  blood  presgure."  But,  whilst  we  may  admit  that  the 
explanation  of  thetu^  and  similar  experiments  is  probably  to  be 
found  in  the  ait^^rotion  of  mecharucal  factors,  it  does  not  foUow 
that  alterations  in  the  aame  facto  le  Doimal  varift' 

tiona    in    Ivmph    fomiatir  introduce 

ohangea  so  gross  that  t  iormal 
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TLtal  action  of  the  capilkrjwall  and  the  tisane  celb  in  controlling 
atid  regulating  Ivinph  forinatici:. 

Aaher  hus  given  a  tvIioUt'  different  explanatioTi  of  theae  experi- 
menta.  For  he  has  attempted  to  prove  tha  view  that  tiaaue 
activity  19  utider  all  circumatftnces  the  sole  cause  of  Ijrmph-  flow^ 
and  that  any  pif^^ct,  whether  on  blood  pressure,  diffuaion.  or  oemoaia, 
will  aSect  lymph  formation  only  indirectly,  by  altering  tissue 
activity.  In  order  to  prove  thla  view  it  is  oeoesaary  to  prove  two 
tliinga.  Firstly,  that  increased  lymph  flow  invariably  accompanies 
increased  tissue  activity^thia  he  hag  shown,  aa  we  have  already 
seen ;  and  Bet^ondly.  that  without  increased  cell  activity  there 
never  is  increased  lymph  flow,  even  experimentally.  In  showing 
this  Aaher  has  been  much  leas  succeeaful,  and  espceially  in  Ma 
attempt  to  explain  Hcidenham's  experiments  in  accordance  with 
his  view. 

(1 )  Heidenhain's  first  class  of  lymphagagiies,  acconling  to  Aslier, 
act  by  increasing  the  activity  of  the  liver,  just  aa  do  biie  and 
hmmoglobin.  He  experimented  with  peptone,  and  found  that  it 
causee  an  increased  flow  of  bile  from  a  permanent  hjhary  fistula. 
Sq  has  since  stated  that  the  result  can  be  obtained  but  ta  leas 
constant  with  a  temporary  iiatnla.  Ellinger  has,  however,  ahown 
that  peptone  does  not  leiid  to  an  increased  secretion  of  bile  witk 
either  a  temporary  or  permanent  fiatula,  but  only  to  an  emptying 
of  the  gall  bladder.  For  he  found  that  peptone  caused  no  in- 
creasi^  flow  of  bile  after  ligature  of  the  cystic  du;;t.  He  found 
that  leech  extract  had  the  name  negative  effect  of  bile  secretion. 
BGunbndge,  using  a  temporary  flatula,  was  also  unable  to  con^m 
Ashers  result  with  peptone.  He  further  pointed  out  that  the 
lymph  obtained  after  peptone  ieof  higher  eoncentration  than  that 
after  injections  of  bile  salts  or  haemoglobin,  and  consequently  that 
there  is  no  reason  for  believing  with  Asher  that  they  alJ  act  in 
the  same  way.  Some  recent  work  by  Kusinine  throws  light  on  the 
mode  of  action  of  peptone,  leech,  and  crayfiah  extracts.  She 
foiuid  that  their  injection  eaueea  profound  changes  in  the  micro- 
scopical appearances  of  the  liver  cells,  and  therefore  presumably 
in  their  metabolism.  The  histological  appearances  of  the  cells 
suggest  in  the  main  an  acute  degeneration.  It  Irnnlly  seems  right 
in  the  face  of  bbia  to  account  for  tlie  increased  lymph  flow  by  saying 
that  these  subetancee  increase  the  activity  of  the  liver  cells,  if  by 
this  is  meant  increase  in  physiological  aot4vity,  such  aa  we  believe 
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produced  by  an  injection  of  bilo  or  tomoglobin.  It  aeeniB 
probable  thai  Heidenliain's  firet  claaa  of  lymphagognea  are  liver 
poiflons  aa  opposed  to  chokgogue*,  and  that  they  alter  lymph  pro- 
dii4!tion  in  at  leoj^t  two  ways  ;  by  prodiic'ing  a  patltc^logical  katrft' 
boliam  of  the  cell  pratoplaam  whereby  the  osmotic  praaaurc  of  the 
tissue  fluids  would  be  greatly  increased ;  and  by  altering  the 
captUary  walb,  and  to  a  leas  extent  the  capiliarj'  blood  presaure. 

(2)  Asher  auggeats  that  obatructiona  of  the  inierior  vena  cava 
intTeaaes  lymph  flow  by  increaang  the  activity  of  the  hver.  on  the 
groumla  that  it  causes  the  sanie  change  in  the  blood  and  lymph 
as  does  an  injection  o[  peptone.  _  Since  there  ia  no  retaon  for  think- 
ing that  peptone  aets  in  the  way  ho  suggests,  there  ia  equally  no 
reason  for  thinking  that  obstruction  of  the  inferior  vena  oava 
doBa.  In  fuctf  Asher  on  several  occasions  comes  perilously  near 
to  arguing  in  a  circle.  lie  observes  an  increased  lymph  Slow,  and 
explains  it  by  the  very  thing  he  has  to  show,  naniely*  an  increased 

^tiisue  activity,  It  aeems  probable  that  obstruction  of  the  inferior 
TB&a  cava  does  alter  the  lymph  flow  by  the  same  means  as 
Heidenhain'a  first  class  of  lyrophagoguea,  but  there  is  no  reason  for 
thinking  that  the  means  is  increased  pliyaiological  cell  activity, 

(3)  With  regard  to  the  action  of  Heidenhain*a  second  class  of 
lymphagoguea,  Asher  has  tried  to^hnw  two  things— firstly,  that  ib 
cannot  be  due  to  increased  filtration,  as  Starling  thought,  and 
secondly,  that  it  ia  probably  due  to  increased  tisHUe  activity, 
aided  perhaps  by  diffusion  and  osmosis. 

Aaher  found,  like  JleidenhaLU.  that  intravenous  injection  of  a 
concentrated  sugar  solution  increased  the  How  along  the  thoracio 
duct,  and,  like  Starling,  that  if  plethora  was  prevented  by  previ- 
ous bleeding,  no  increased  flow  took  place.  But  he  has  also  shown 
llttt  if  the  injection  ia  made  a  few  minutea  before  the  animai  dies, 
the  increased  flow  still  continues  for  several  boura.  and  may  reach 
its  maximum  a  quarter  of  an  hour  after  death-  It  is  clear  that 
Btarhng's  explanation  by  increased  titration  du«  to  increased 
eapillary  pressure  does  not  Hufiire.  Filtration  may  be  a  factor 
in  the  living  auinial,  but  there  must  be  another  as  well  to  ejcplain 
the  post-m&rkirt  flow.  Asher  auggedts  that  the  older  physical 
explanation  ot  Heidenhain,  namely*  that  the  crystalloid  rapidly 
diffuses  out  into  the  tissue  space,  and  when  there  attracts  water 
from  the  tissues,  meets  the  case.  He  has  tried  to  confirm  thia 
conclusion  by  the  observation  that  when  plethora  Is  prevented  by 
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venesection  before  the  injection,  the  augar  concentration  o£  the 
blood  iaila  strikinj;Iv  slowly — in  other  words,  the  difiuaion  of  Bi^ar 
into  the  tissue  space  k  extremely  slow.  He  does  not  attet:ii|]t  to 
pxplain  thia  remarkable  observation,  whi<^h  ia  wholl}^  opposed  ti>.< 
the  R'^ulta  obtained  hy  Leathi^s,  aLo  £oLind  that  within  a  ffw' 
minutea  of  injeeting  sugar  ita  osmotic  pressure  in  the  blood  and 
lymph  n'aa  a<]ual- 

Asher  makes  the  following  points  as  showing  that  the  injection 
o(  A  strong  sugar  solution  acts  primarily  by  iiicreasiop  tissue 
activity.  Like  C<»hnlieim  and  Lichtheim.  who  produe**d  hj-driemic 
plethora  bj  injecting  nonnai  salt  elation,  Asber  dnds  hia  injection 
also  causes  marked  secretion  of  fiuid  from  the  mouth,  nose,  livec, 
kidneys,  and  into  the  alimentary  cunal :  that  these  sec^retions,  likd 
the  increased  lymph  flow,  are  absent  if  plethora  is  prevented  by 
previous  veneeection ;  that  the  poeC-mortem  lymph  flow  ia  accom- 
panied by  a  parallel  po»t-mortein  salivary  secretion,  and  Uke  tho 
latter  must  therefore  be  duQ  primarily  to  increased  tissue  activity. 
He  doea  not  explain  how  sugar  causes  Increased  tissue  activity,  not 
why  this  activity  shodJ  be  prevented  by  prrsious  venesection, 
unlesB  we  are  to  ascribe  it  to  the  slow  rate  of  diiTuaion  of  sugai: 
into  the  tisGue  of  spaces  after  venesection,  j 

A  review  of  the  rssults  of  Asher^s  expenmenta  shows  that  while 
he  ia  certainly  light  in  regarding  ti^ue  activity  aa  a  cause  ot 
inrreased  lymph  flow,  it  cannot  he  lookcnl  upon  as  the  aala| 
experimental  means  by  which  lymph  formation  can  be  increased- 
For  the  resnlta  of  many  of  the  cjcpcrimenta  o£  his  predcceaaora  coin- 
not  be  explained  by  alterations  in  phyaiologica)  tissue  activity.  On. 
the  other  hand,  the  pxperimental  conditions  under  which  moat 
of  these  results  were  obtained,  are  purely  artificial,  and  bear  no 
obvious  rcBeniblance  to  conditions  wliich  exist  in  the  normal  body* 
U'e  may  therefore  conclude  in  answer  to  the  question,  umJer  what 
physiological  conditiona  in  the  body  is  the  formation  of  lymph 
altered,  that  only  one  such  condition  is  known,  namely,  alteration* 
in  bisaue  metabobscn. 

In  regard  to  the  way  in  which  tisane  activity  increases  Lymph.' 
fiow»  /Vfihcr  points  out  that  there  are  two  possibilitiea.  The  first 
is  that  during  tissue  activity  katabolic  products  are  formed  which, 
reaching  the  tissue  fluid,  must  alter  the  osmotic  pressure  of  lymph 
as  compared  wJth  that  of  the  blood.  Starling  bad  already  pointed 
to  tholaame  fact  in  the  following  terms  :    ''  Since  the  final  resolt  of 
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metabolism  in  the  animal  body  or  in  an  animal  cell  \&  ^aintcgra- 
tion,  6  breaking  down  of  large  complex  iinstablo  molecules  o£  bigh 
potential  energy  into  a  great  number  of  flmall  simple  stable  mole- 
cules of  small  potential  energy,  the  total  output  of  an  animal  cell 
muHt  havt)  a  higher  osmotic  pressure  tha.Q  the  total  iiLCome*  so 
thai  all  the  metabolic  changes  in  the  ti&ftues  wtjuld  tend  to  increase 
the  osmotic  preasiire  of  the  lymph  with  which  they  are  bathed.'' 
This  incroaaed  oamotio  preaavire  of  the  tissue  fluid  would  lead  to 
a  flow  of  water  from  the  blood  into  the  liaaue  spaces,  and  so  to 
an  increased  flow  along  the  lymphatic  vessels, 

Asher,  however,  se&ma  rather  to  favour  the  setiond  possibility, 
namely,  that  lymph  during  tissue  activity  is  formed  by  a  pcocesa 
analogous  to  a  secretion.  That  is  to  say.  a  gland  cf  IC  when  active 
turns  out  ita  apeciflc  secretion  into  Its  duct  on  one  sxda  and  lymph 
into  a  tissue  space  ou  the  other.  Hie  reason  for  adopting  this  view 
was  bis  observations  on  the  parallelism  of  the  flow  of  (ympb  and 
saliva  post-tiiortcin,  already  referred  to.  He  concluded  that  both 
phenomQna  are  due  to  the  aame  forces,  and  that  abcc  the  pour- 
ing out  of  saliva  ia  a  secretion*  so  must  also  be  the  Formation  of 
fymph.  This,  however,  does  not  necessarily  follow ;  even  suppos- 
ing  both  phenomena  are  due  to  the  same  forces,  it  may  equally 
well  be  that  difTusioo  and  osmosis  cauae  the  lymph  flow  and  are 
also  of  great  importance  in  this  post'inortan  gland  secretion.  A 
phenomena  somewhat  similar  to  this  ^os^-moripm  salivary  accretion 
has  been  observed  by  Mathews,  If  the  blood  supply  ia  cut  off  for 
twenty-five  minutes  from  the  sub-maxillary  gland  and  then  re* 
admitted^  a  marked  vasn-djlatatiou  takes  place,  and  the  gland 
HBcretes  rapidly.  He  accounts  for  this  by  increased  osmotic 
presaurc  within  the  cells. 

Tissue  activity  may  be  held  to  increase  lymph  fiow,  in  part 
at  any  rate^  by  raising  the  osmotLo  preesure  of  the  tissue  Auid ; 
and  this  must  be  especially  marked  during  proteid  metaboliam. 
For   proteids   have    at   most    a    minute    osnkotjc    pressure.     And 
when  the  cell  takes  them  up  from  tissue  fluid  it  will  not  thereby 
materially  decrease   tho   osmotic  presanre   of  that  fluid,  but  by 
returning   a   number   of   smaller  stable  molecules  it  will  greatlv 
incrpase  the  osmotic  pressure  of  tissue    fluid  and   lv» 
should   therefore   ejcpcct   to   liud   that  during  tiai 
the  osmotic  pressure  of  the   lymph  would   teuil 
that  of  the  blood.     And  this  Leathes  haa  toM 
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It  is  oiiiiweaaary  to  invoke  eecretion  by  the  capillary  wall  to 
explain  the  phenoioenft,  aa  Hamburger  did. 

During  the  death  of  a  cell  the  dinproportion  between  tKe 
oamotic  pressures  of  its  total  income  and  output  mufit  be  great- 
In  this  ia  probably  to  be  found  the  explanation  of  the  post-rnoTtem 
flow  observed  by  Hamburger.  It  v.-i\\  also  taL'e  part  in  producing 
the  post-mortem  flow  found  to  take  place  by  Aaber  after  tho 
injection  of  aiigar^  and  by  Mr^ndel  and  Hooter  after  injections 
of  strawberry  ext^a^^t«  or  piTiit<ine- 

We  may  therefore  adopt  the  working  hypotheaia  that  tlBauo 
activity  alt^rrs  lymph  flow  by  phyaical  means,  and  we  aliaU 
consider  the  proeess  in  detail  when  we  diacasa  how  the  tissues 
are  nourielied. 


ExPBltlKENTS   DEAUNQ   WITH   LVMTU    AnaORrTlON 

Absorption  from  the  Contieetin^  Tisjure  Sjmers. — There  are  many 
old  and  reeent  observations  to  show  that  dyea,  salts,  and  otber 
foreign  Bubetaiices  in  solution  are  rapidly  fjiken  up  by  blood- 
vessels, when  introduced  into  tiaaues.  Thia  absorption  by  blood- 
veaaek  ia  due  really  to  diffusion  taking  place  between  tbe  extra- 
vascular  fluid  and  the  blood  as  long  as  any  difference  in  their 
composition  exiata, 

Heidpohain  denied  that  it  was  poaeible  for  the  blood-veasela 
to  absorb  normal  eKtrnvaacuIar  fluid,  be<:auHe  blood  cnly  di^ered 
froTTi  tissue  fluid  ia  containing  more  protcid,  and  therefore  it  was 
impossible  for  this  fluid  to  return  to  the  blood-veaselfl  by  any 
process  o(  difiuaion  or  abaoqjtion. 

Starling  was  the  first  to  offer  ronclusive  proof  that  the  blood- 
vessels  can  absorb  an  iaotonic  salt  solution.  He  carried  on  an 
artificial  circulation  of  a  dog'a  own  defihrinated  blood  separately 
through  each  hind  leg.  one  of  wbich  was  made  artificially  dropsical 
by  the  injection  into  it  of  a  sodium  chloride  aolution  isot-onio 
with  the  circulating  fluid,  and  the  other  as  a  controh  The  serum 
waa  cirpuhted  from  twelve  to  twenty-five  times,  and  the  per- 
centage of  oxy-hafinoglobin  and  tutal  aolids  were  estimated  in  it 
before  the  experiment  and  in  the  fluid  which  had  circulated, 
through  eacb  of  the  lege.  He  found  that  the  serum  which 
(Srculated  through  tHe  control  leg  bad  become  slightly  concentral 
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but  tliftt  wWli    had    pa»ed    tliroiigb    the    Gedem»tCkU5    leg    in- 

variably  became   leae  concontratcclt  showing  that  Hmd  bflid  b«cn 
taken  up. 

Starling  haa  also  pointed  out  that  the  old  observation  that 
after  vetiesection  the  blooil  benomes  lesi  c^on  cent  rated,  was  to  be 
ejtplained  in  exactly  the  same  way»  by  the  taking  up  of  isotonic 
liuid  from  the  tiaauc  apacca;  a  conchjaion  which  is  confirmed  by 
LazarUB-Barlow'a  ohsorvatioQ  tliat  after  bleeding  the  ap.  gr.  of  the 
tiaaues  rises,  and  by  Hamburger'a  observation  that  the  A  of  the 
blood  aeruni  is  nnalterpJ. 

Lazarus -Barlow's  obaecvationa  further  show  the  part  played  by 
the  tiaaue  fluids  in  keeping  the  volume  of  the  circalatiug  blood 
normah  He  found  that  if  the  hind  legs  of  a  dog  were  tightly 
bandaged  from  below  upwards,  the  then  over^Iled  vascular 
syatem  got  rid  oi  its  sarplu3  fluid  into  the  tissue  Bpacea  within  an 
hour;  for  the  ap.  gr.  of  the  tiaauea  fell  and  that  of  the  blood 
plasma  rose.  Conversely  when  the  bandages  are  taken  off  the  now 
underfilled  vaacular  ayateoi  takea  up  duid  from  the  tissue  aparoSj 
for  the  8p,  gr.  of  the  pUam&  falls  and  that  of  the  tissuea  riaea 
within  an  hour  to  normal. 

Ahxi'T^ ion /firm  (}u  sciotut  camties  might  differ  materially  from 
that  taking  place  from  the  connective  tiaaue  spaces.  For  not 
only  are  there  atomata  opening  direct  into  the  lymphatics,  but 
material  wauld  have  to  pass  through  the  endothelium  lining  the 
cavity  before  it  could  reach  the  capillary. 

Starling  and  Tubby  showed  that  methykne-blue  or  indigo- 
carmine  introduced  into  the  serous  cavities  appeared  within  five 
ninutcB  io  the  uriae.  and  not  in  the  thoracic  duct  for  Iialf-an- 
hour  or  more.  This  result  was  denied  by  Adler  and  Meltzor  on 
mistaken  grounds,  and  was  confirmed  by  Mendel  and  by  Starling 
himself.    Absorption  by  blood-vessels  waa  therefore  proved- 

The  importance  of  eiqieriments  on  absorptior  from  seroua 
cavities  has  not  been  in  deciding  whether  blood-vessela  absorb  at 
all  or  can  absorb  an  isotonic  fluid,  but  m  showing  the  interchangee 
between  the  blood  and  fluid  which  lake  place  during  absorption, 
and  the  relative  importance  of  blood-vessels  and  lyniphaticfi. 

The  resenrtbes  of  l^eath^  and  mburgerj  and  Rot.h 

and   many  others,  have 
between  the  blood  and 
cavity.     If  the  fluid 


EXrElUMENTS  DEALING  WITH 


changoa  ore  cbserved  in  it :  (a)  The  fluid  rapidly  decreaaes  in 
quantity  owing  to  water  beinf^  taken  up  by  the  blood-  This  gp^s 
on  until  the  osmotic  pressure  of  the  fluid  left  behind  13  raised  to 
that  of  the  bloml.  {b)  At  the  same  timH  thfj  soluble  constituents 
of  the  blood  difFuM  into  the  fluid,  and  the  salt  of  the  fluid  into  the 
blood,  until  there  ia  equal  concentration  of  ail  diffuaiblc  Bubstance* 
on  ibe  two  aides  of  the  capillary  wall-  If  the  salt  solLition  intro- 
duced ia  hypertonic  corresponding  changea  take  place.  If  the 
fluid  is  isotonic,  only  the  changes  under  {h)  will  take  plat'e  ;  the 
fluid  will  remain  throughout  isotonic,  but  will  be  different  in  com- 
position from  that  introduced. 

Isotonic  salt  solutions  are  absorbed  vith  rapidity  from  the 
ficrous  cavities,  but  the  conditions  of  the  experiment  render  it 
impossible  to  decide  finally  whether  they  are  absorbed  only  bv 
hloo<l-vejwelf4  or  by  both  blood-vpsaels  and  lymphfttiw.  lyarge 
quantities  are  absorbed  without  increasing  the  flow  in  the  tboretcic 
duct ;  but  it  is  stiLl  possible,  aa  Cobnetcin  maintained,  tbat  tbe 
fluid  baa  l>een  taken  up  by  the  subserous  lymphatics  and  so  has 
failed  to  reach  the  thoracic  duet  during  the  experiment.  Starling 
showed  that  ligature  of  both  thoracic  ducts  and  the  right  inno- 
minate vein  did  not  prevent  absorption;  but,  on  the  other  hand, 
that  carmine  injected  with  the  solution  could  be  traced  to  tbe 
lymphatic  glands  in  the  anterior  modia&tinum,  showing  that  fluid 
had  passed  along  lymphatics.  It  is  probable,  however,  that  id 
the  absorption  of  salt  solutions  the  blood-vessels  pUy  the  mofe 
important  part- 
It  has  been  shown  that  absorption  con  take  place  independently 
of  the  activity  either  of  the  endotheUum  lining  the  serous  apace 
or  of  that  forming  the  capillary  wall.  Leathes  and  Starling  founrl 
that  seslding  or  killing  the  endothelium  with  a  poisonous  solution 
of  aodiiini  fluoride  did  not  affect  absorption.  Hamburger  showed 
that  absorption  took  place  from  the  abdomen  of  an  animal  twenty- 
two  hours  after  dcatbn  Although  absorption  can  take  place 
independently  of  the  activity  of  living  eells,  the  explanation  of 
how  it  takes  pfac?  at  all  is  much  less  clear, 

MceJi^nisitf.  a/  thp  Ahsorptin}i  it/  Imttmit  Soli  Sttlutians.  — Starling 

has  pointed  out  that  only  two  physical  processes  seem  available  for 

explaining  abaorption ^backward  filtration  or  osmosis  with  dilludon, 

BiufenMird  Filtration. — The  preaaure  under  which  tiflsue  fluid 

normally  exists  has  b««n  eadmated  by  Landerer  at  from  ^  t«  |^ 
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of  tlie  fflipillary  blood  pressure.  Dire<*t  meaBurementH  gave 
40  mnL  H,^0  for  the  livor  ami  14Q  mni.  11^0  for  the  Bkin-  H  th* 
capillarj  pressure  fell  conatderably  below  that  of  the  tissue  spaces, 
backward  filtration  might  theoretically  take  place  for  a  time.  H, 
however,  this  relative  increase  of  the  estravaaculflr  above  the 
intracapillary  pressure  were  communicated  to  the  outside  of  the 
veins,  thpy  would  he  strangled,  and  the  circulation  thrciugh  the 
part  cease.  Starling  has  pointed  out  that  tiiis  result  might  not 
ensue,  if  the  veaeeU  were  bound  to  the  avuronruling  tiasuca  by 
radiating  fibre3  whose  pull  would  tend  to  keep  the  veasela  patents 
He  found  that  the  iniectiou  of  normal  salt  solution  under  high 
pressure  into  the  auhcutaneoua  tissue  of  a  fiog's  leg  greatly 
decreased  the  venous  outflow.  The  same  waa  true  of  the  sub- 
mawllary  gland  and  tongue.  In  tliese  regions,  at  any  rate,  it 
would  appear  to  be  impoaaible  for  backward  filtration  to  t^c 
place. 

Osnirtsii  vifh  Diffusion. — Starling  has  shown  that  blood  aerum 
as  against  a  non-proteld  salt  solution,  otherwise  isotonic  with  it^ 
poHsessc^tan  osmotic  pressure  of  about  30  mm.  Hg  when  separjited 
by  gelatine  between  two  layers  of  peritoneal  membrane.  He 
Bupposca  that  the  capillary  wall,  lil^e  such  a  dead  men^ratie^  is 
more  or  less  impermeable  to  protetds,  that  there  is  in  cotisequence 
a  less  concentration  of  proteid  uutside  than  inside  tlie  L'.apilfary, 
and  that  the  osmotic  pressure  of  proteidd,  ^.Itbough  triDing  whea 
oompared  with  that  of  cryatalloids,  can  attract  water  from  the 
tissue  spaces  into  the  drculation 

The  absorption  of  an  isotonic  pa\t  solution  from  the  auV 
cutaneoua  tissue  or  serous  cavity  would  take  place  aec^ording  to 
this  view  id  the  following  way.  Water  would  be  attracted  into 
the  capillaries  by  the  proteida,  and  as  this  would  raise  the 
concentration  of  the  diffusible  substances  in  th^  solution  above 
that  in  the  blood,  they  would  disuse  into  the  blood  until  the 
fluid  was  again  iaotonic.  Then  osmosis  would  agai!]  come  into 
play^  and  alternate  with  difTuaion  until  the  whole  fluid  had  been 
abaorbed.  It  has  been  shown  by  ex|7eriment  thai,  when  an 
isotonic  solution  containing  more  protcJd  than  the  plasma  b 
introduced  into  the  peritoneal  cavitVi  an  isotonic  fluid  passes  from 
the  blood  into  the  cavity  until  the  concentration  of  proteid  in 
ths  cavity  lias  been  reduced  to  that  of  the  plasma.  According  to 
Starling*    therefore,    whde   '  'usnre    deti^tri 
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transudation,  the  osmotic  preseure  of  the  prfiteida  of  tbe  serum 
determines  absorption," 

LazaruB- Barlow  explains  &hsorptioTL  hy  the  same  a.lt(?matiDiiii 
ol  osmoaia  and  di^iiflion>  bul  considers  that  oamoaia  liaa  a 
different  origiik.  According  to  liini,  the  fluid  which  contains  a 
greater  concentration  of  proteid  will  always  in  the  end  increaae 
in  quantity  at  tte  expense  of  a  fluid  wliich  containa  a  leas  con- 
centratfon,  because  of  the  different  degrees  to  which  the  membrane 
is  clogged  on  ita  two  aides  by  proteid.  The  concentration  of 
difTuaibie  aubatances  is  in  consequence  ahgbtly  greater  on  the  ^de 
with  mora  proteidn  and  oamosia  ia  aUrted. 

Starling  has  apphed  the  same  factors^the  osmotic  pressure  of 
nroteida  and  the  relative  impermeability  of  the  capillary  waJl — to 
the  explanation  of  tlie  accurate  regulation  of  the  volume  of  tlie 
circulflbing  blood-  lie  points  out  that,  granted  his  preniiaen,  there 
will  aiwaya  ejciat  a  relation  between  tha  capillary  preaaure  and  the 
osmotic  attraction  of  the  b]ood  proteids  for  extravascular  fluid- 
Thii  relation  must  be  one  of  balance,  unless  one  force  is  stronger 
than  tbe  other,  when  either  trarisudation  or  absorption  will  taWe 
place,  as  the  caae  may  be.  If  hy  any  oieanH  the  capJUary 
prcsBurc  ia  increased^  more  Huid  containing  a  lesa  concentration 
of  proteid  will  b?  transuded-  This  will  go  on  until  the  increased 
filtering  force  is  balanced  again  hy  an  increased  absorbing  forod, 
represented  hy  the  now  greater  ditTerence  in  the  proteid  concen- 
tration on  the  two  aides  of  the  capillary  wall-  And  when  a  freah 
point  of  balance  baa  thua  been  reached,  the  tissue  apacea  will  bo 
tilled  with  a  larger  quantity  of  duid  derived  from  the  blood. 
With  a  fall  in  capillaiy  pressure  exactly  the  opposite  will  happen, 
The  decreased  filtering  force  will  become  balanced  by  a  diminution 
in  the  absorbing  force.  Thia  will  take  place  by  isotonic  fluid  being 
absorbed  into  the  capillaries,  thua  raising  the  proteid  concentration 
in  the  eitravaacular  fluid  and  reducing  tbe  diflercQce  in  proteid 
noneontration  on  the  two  sides  of  the  capillary  wall.  When  the 
decreased  absorbing  force  apain  balances  the  decreased  capillary 
presBurej  the  tiaaue  spaces  will  contain  iesa  fluid  than  before  and 
the  blood  more. 

t^tnrling  has  obserred  that  lymph  in  the  lymphatica  from 
different  parts  of  the  body  contains  very  diiicrent  pcrccntagea  of 
protdd-  Lymph  from  a  limb  has  2  to  3  per  cent-,  that  from 
the  intestine-a  4  to  Q   per  cent^,  and  that  from  the  liver  6  to  8 
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per  cent>  He  Bsaociat^a  tht^se  differences  with  diflerent  perracft- 
bilitiea  ot  tho  capiHar>'  walls  for  proteid,  Granted  that  thia  is  so, 
certain  coroUarieB  follow.  (I)  The  more  impermeable  the  capillary 
the  greater  will  the  blcxxl  preMure  have  to  be  ia  order  to  drive 
protetd  through.  Correspondingly  we  find  that  the  capiliftiy 
preaaure  in  c  limb  is  about  20  mm-  Hg,  in  tbe  hver  about 
5  mm.  Hg,  and  in  the  inteatines  something  mtermedintc  between 
ithe  two-  But  it  ia  equally  true  that,  if  the  permeability  of  the 
capillary  walla  were  the  BHme  in  all  three  areas,  the  difTerpnce  in 
cftpdtary  pressiire  would  explain  the  differenfj  coneentrations  of 
<K»Uoid  in  the  filtrate  according  to  the  laws  of  filtration-  (2)  The 
more  impermeable  tlie  capitltuy  wall  the  more  will  a  rise  in 
capillary  pressure  inoreaae  the  force  tending  to  absorption  by 
decreaflirg  the  cdncentraticns  of  colloid  fn  the  filtrate.  In  this 
way  Starling  expluitiB  the  apparent  fact  that  in  a  limb  there 
may  be  no  flow  along  the  lymphatics  although  tranaudation  ie 
presumably  taking  place.  On  the  other  hand,  in  the  areas 
drained  by  the  thoracic  duct  there  is  a  conatant  flow  of  lymph^ 
which  is  rapidly  accelerated  by  any  increase  in  tranaudatioa  In 
the  same  way  he  would  explain  the  diflerent  elTecta  on  lymph  flow 
in  a  limb  produced  by  ligature  of  the  veins,  and  vaso- dilatation  of 
the  arteries.  In  the  former  there  la  increased  transudation  and 
decreased  absorption^  but  in  the  latter  increaeed  transudation  and 
a  nearly  corresponding  increase  in  absorption. 

These  views  of  Starling  on  the  part  played  by  the  osmotic 
pressure  of  proteids  in  determinuig  abaorpUon  have  been  criticised 
by  Moore  and  Parker.  The  premises  necessary  for  his  view  are 
— A  relative  impermeability  of  the  capillary  to  proteid.  and  con- 
sequent differences  in  concentration  of  proteid  on  its  two  aides. 
They  point  out  that  the  former  haa  never  been  shown  by  direct 
experiment,  and  that  the  latter  is  incapable  of  proof;  for  we 
obtain  tissue  fluid,  but  only  its  overflow  into  the  lymphatics 
tiie  tissues  have  removed  some  proteid  from  it.  They 
would  explain  the  different  percentage  of  proteid  in  lymph 
as  compared  with  blood,  and  in  lymph  from  different  parts  of 
the  body,  by  the  varying  amoimts  of  proteid  abstracted  from 
the  tissue  fluid  by  the  tiaaaea.  From  this  it  would  follow  that 
anything  which  increased  the  rate  of  ilow  of  tissue  fluid  through 
the  tiasuoa  must  also  iacroaBc  the  percentage  of  proteid  which  the 
lymph  contains.     Thia  is  often  the  case,  but  by  no  mean^  always 
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so,    as     the   efli-(^t    of     injections   of    cDncentrated    solutions     of 
orjstalloitls  and   solutions  of  bile  aaita  or  hfeiiioglobin  show. 

They  further  point  out  that  the  absence  of  lymph  How  from 
4  reatinp  limb  and  its  pr&siiuce  in  an  active  one  oan  be 
explalntid.  tY-ithout  Lnvoking  the  tmpermeubility  of  cajiillaiiea  to 
protflid,  by  admitting  exactly  the  oppoait*,  namely,  that  the 
wall  is  rea^lily  permeable  to  proteiil.^.  Fiir  in  the  resting  limb 
proteid,  like  0^  and  other  aubatfinces  in  solution,  would  be  con- 
veyed to  the  tissue  cellfl  by  dlffnaion  without  any  accompanying 
tranfiference  of  the  aoli'cnt.  But  in  the  active  limb,  when  this 
mode  of  providing  nntriment  would  not  suffice,  there  would  be 
added  pressure  filtrationn  carrying  pmteid  and  the  other  dissolved 
aubatancea  along  with  the  solvent  and  at  the  same  rate.  But 
this  fails  to  explain  why  livi?r  lymph  la  ao  wholly  different  in 
ita  proteid  content  fiom  that  obtained  from  a  limb  even  during 
ita  greatest  activity  ',  especially  when  we  consider  how  much 
lower  the  capillary  pressnre  in  the  hver  probably  ']f\.  Further, 
it  of!ers  no  obvious  explanation  of  the  action  of  curaxc,  wLich 
reduces  capillary  pressure  and  yet  raisea  the  proteid  conteat  of 
the  lymph  from  a  limb  up  to  that  from  the  hver,  a  rise  which 
no  activity  of  the  hmb  can  bring  about^ 

They  attempt  to  show  that  even  granting  Starling's  preniisea, 
the  osmotic  pressure  of  proteids  (^mild  not  elTeet  absorptton. 
They  point  out  the  obvious  fact  that  the  total  osmotic  preaaure 
of  plasmFi  against  an  otherwise  isotonic  salt  solution  ie  nob  avail- 
ftblfi  for  absorption,  but  has  to  be  reduced  beoauae  of  the  preeencc 
of  proteid  in  tisane  tiuid,  and  because  the  capillary  wall  h  partiaUy 
permeable  h)  proteid-  It  IS  im^>na3ible  to  oatimate  the  magnitude 
of  thifi  correction  :  but  they  estimate  that  a  force  of  only  6  nun.  Hg 
Is  available  for  absorption.  It  is  clear  that  absorption  oouM 
only  take  place  when  the  force  tending  to  cause  it  Is  greater  thftn 
tha  force  tending  to  produce  filtration,  i.e.  when  the  available 
Dsmotic  pressure  of  the  plasma  proteid  is  greater,  not  than  the 
oapitlary  blood  pressure  aa  they  state,  btit  than  the  difference 
between  the  hydrostatic  preaaurea  of  the  intravascular  and 
extravoscular  tlinda,  which  is  a  very  different  thing,  ronsidering 
our  complete  ii^noranee  of  the  actual  numerical  values  of  the 
tbree  factors  concerned,  it  is  impossible  to  say  more  than  that 
Starling^H  view  is  not  known  to  be  impossihle. 

Waymouth  Reid  has  brought  forward  evidence  to  show  that 
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tbe  actual  prateide  In  serum  do  not^  ezert  an  osmotit^  presaure, 
but  he  admita  that  senim  c<»ntaina  something  to  which  gelatine 
and  parchment  arc  [mpcrmeaible  and  j^weB  a  readable  osmotic 
pressure.  His  obs^rvatioaa,  therefore,  du  not  render  Starling's 
view  untenable, 

Tht  Ahmrjitiim  0/  Srruni  — Starling  carried  on  an  artificial 
ciioulation  of  defibrinated  blood  through  a  dog^a  leg,  made 
CEdematous  with  the  same  serum,  but  waa  unable  to  demonstrate 
any  absorption  by  blood- veaso Is,  But  aernm  ia  absorbed  from 
sercua  cavities,  although  it  takes  place  more  slowly  than  in  the 
wise  of  isotonic  salt  aolutiona.  If  tbia  absorption  cf  proteida 
took  plac^  by  blood-vesaela  it  could  only  be  accounteJ  for  either 
by  invoking  a  secretory  activity  by  the  eadotheliiun  or  by 
backward  ^tratton*  a  phenomenon  which  hs.s  not  as  yet  been 
demonatrated.  although  Hamburger,  Adler,  and  Meltzer  found  that 
moderate  preaau re  doesincrcaae  tbe  rate  at  wliicb  tlnnl  disappears 
from  the  abdominal  cavity.  Differences  in  osmotic  pressure  could 
not  carry  protcid  through  the  impermeable  eapdiary  waQ. 
Abeoiption  of  serum  by  bLood-veflfiels  might  be  possible  to  a 
small  e\tentf  according  to  Starliiigr  by  tissue  cell  eating  up  the 
proteld  and  a  corresponding  absorptiork  of  Isotonic  HuJd  taking 
place.  But  practically,  on  a  mechanical  view  of  absnrptmni  it 
ia  neccBsaiy  to  bchevc  that  eeium  is  earrietj  away  by  the 
lymphatics.  Attempts  have  been  maile  to  show  that  this  ia  not 
the  ease.  Oilow  found  that  ligature  of  the  thoracic  duct  did 
not  prevent  absorption  from  the  abdominal  cavity,  and  Hamburger 
obuJued  Uie  same  result  aftj^r  ligaturing  the  left  innominate 
vein-  These  CKpcrimenta  are  uieoiiclusiv^.  becnuae  the  right 
thoracic  duct  was  unligatm^d,  and  the  6uid  might  have  passed 
into  the  Bubseroufl  lymphatice.  a  point  which  hag  already  been 
dealt  with  in  discufisin^  the  absorption  of  salt  solutiona. 

Pkj/Sinji  F'U'toTR  avfij/iifilr  /liT  thf  Fni'hirfivninui  Ahxnrjfdini  ttf 

Tmat  Flvid. — We  have  seen  that  the  following  factors  have  been 
considered  to  be  available  for  explatning  the  experimental  reaults 
dealing  with  lymph  formation  and  abflorption> 

L  The  intracapillary  blood  pressure— P, 

2.  The  pressure  of  the  tissue  fluid — ^j- 

V  —  p  coiiatitutfis  the  filten  "iblo  ^ 

backward  filtration/ 
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9,  The  penneabiLity  of  the  capUlaiy  wall-  ^| 

4,  Tbe  cheimcal  compoailion  of  the  blood  plasma — 0  .  P. 

5.  The  chemical  corapoaition  of  the  tissue  fluid — O  .  h. 

The  (iifTerpni^Bs  in  i',oni position  between  the  blood  and  tissue 
fluid  are  reapoiLaible  for  diffusion  &nd  oamoais  taldng  place  between 
themn  0  .  P  -^  U  .  L  constitutea  a  possible  absorbing  forcc» 
which,  however,  coiJd  only  act  when  it  ia  greater  than  P  —  p. 

It  ia  ncoeasAry  to  consider  hon  far  we  are  able  to  eatinmte  iti 
the  body  these  varioug  factors, 

CdpUlitrff  blood  jneasure  cannot  be  directly  measured.  Wv 
do  imt  know,  for  inatance,  how  much  it  ia  increased  by 
hydrEomic  plethora,  nor  how  much  it  is  reduced  by  a  hipmorrhage- 
We  can  alter  it  at  will,  and  infer  the  magnitude  of  the  altetation 
by  ftimnltaneonsly  meaanring  the  preasnrea  in  l,he  i^rresponding 
artery  and  vein. 

The  pressure  of  tissue  fi%tid  cannot  be  accurately  eatiniat^d. 
We  know  that  it  is  UBually  leaa  than  the  capillary  pressure,  and 
that  it  is  derived  partly  from  the  capillary  pressure  and  partly 
from  the  elasticity  of  tbe  tisanes.  Whether  it  remains  oonBtant 
during  alterations  of  capillary  pressure  and  whether  it  can  be 
greater  than  the  capillary  presanre  are  unknown. 

The  pimt-e<^ilUy  of  the  copiilarywall  ia  a  factor  which  we  have 
no  means  of  eatimating.  The  neareat  approach  for  oxperimental 
purposes  to  such  a  living  membrane  are  various  dead  animal  or 
vegetable  raembranes.  But  how  far  the  unaltering  properties  of 
a  dead  meuibraiic  are  like  those  of  a  capillary  w^alh  and  which 
membrane  ia  least  unlike  it»  are  unknown.  The  permcabihty  of 
different  cKperimental  membranes  variea  enormously.  For  in- 
stance, Moore  and  Parker  found  that  freah  peritoneal  membrane 
is  permeable  to  proteida,  peritoneum  Roaked  in  gelatine  U  not, 
vegetable  parrlinicnt  ia  permeable  neitlicr  to  pri:fteids  nor  fioapa. 
Nor  do  we  know  how  far  the  experimental  means  used  for  altering 
the  permeability  of  the  capillary  wall  have  really  brought  about 
their  result  in  that  way.  All  that  we  actually  know  in  that  ca^e 
ifl  the  result,  that  more  lymph  of  a  lugher  concentration  haa 
bean  fonne<].  It  is  bkely  that  the  capillary  wall  is  relatively 
impermeable  to  proteids,  that  the  permeability  varies  in  different 
parta  of  the  body,  and  even  in  the  aome  area,  aa  the  resolt  of  the 
action  of  metabolic  products  upon  it.  But  the  exact  oppoaites 
are  abo  possible. 
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The  com'pQsition  of  tissue  fittid  is  unknowiL  Since  it  is 
imposaibls  to  aay  in  point  of  time  when  a  specimon  of  lymph 
waa  drained  off  from  the  tiasue  apacoa,  it  is  impoBsible  to  compare 
the  OB  mo  tic  preesurea  of  blood  and  tissue  fluid  more  than 
approximately. 

That  being  the  state  of  our  knowledge  about  these  phyHical 
factora.  it  is  obvious  that  there  la  great  difficulty  bi  interpreting 
th«  results  of  esperiraenta  in  which  more  than  one  of  these  factors 
has  probably  been  altered.  We  can,  howeverj  say  that  experi- 
ments have  shown  that  the  importance  of  oamoais  and  dif!uaion 
in  relatively  greater*  and  that  oF  filtration  relatively  less,  than  was 
thought  to  he  the  C9ss. 

It  is  impossible  at  present  to  prove  or  deny  a  mechanical 
formation-and  abaorption  of  lymph.  As  a  working  Lypotheaia 
the  mechanical  view  is  the  better.  It  deab  with  procesaea  of 
which  we  understand  something,  and,  even  if  they  are  ultimately 
proved  tc  be  insufficient,  there  can  be  little  doubt  that  they  do 
play  a  large  part  in  the  history  of  lymph.  To  explain  lymph 
formation  and  abaorption  as  a  secretion  ia  at  present  no  ex- 
planation ;  it  is  merely  to  invoke  a  force  or  process  of  which  we 
can  now  form  no  coneeption.  It  implies,  further,  that  we  already 
know  the  exact  limitations  of  the  various  phyMtfal  factors  in  the 
body,  and  that  experimenta  exist  which  conclusively  demonstrate 
their  insuificiency*  neither  of  which  is  true. 

We  may  briefly  recapitulate  the  concluaionB  at  which  we 
have  arrived  regarding  the  formation  of  lymph  in  the  normal 
body, 

1.  The  fnrnmtiun  of  tiesue  fluid  is  determine*!  by  the  meta* 
bolism  of  the  tissue  oells.  The  only  exception  to  this  la  the  fact 
that  in  order  to  keep  the  volume  of  the  circulating  blood  conntant 
fluid  can  be  ts-lcen  up  from  or  given  out  to  the  tissue  spacesn 

2.  Tisflue  fluid  is  not  secreted  by  tissue  cells,  but  is  poured  out 
from  the  capillariea  in  obedience  to  osmosis,  diffusion,  and  filtration, 
which  in  turn  are  controlk'd  aiid  determined  by  the  degree  of 
activity  of  the  tisauca. 

3.  Tissue  fluid  is  absorbed  into  the  capillaries  by  a  combination 
osmoos  and  diffusion,  but  it  is  uncertain  how  these  forc^a  ftic 

jhfc  into  play. 

4.  The  c^^lla  o' 


lere  le  no  6Yi 


ei6  THE   RELATION   OF  LYMPH  TO 

formation  and  absorption  of  tisane  fluid.  Being  living  cells,  tkey 
poBflosfi  &  wholly  unknown  perniealjility,  which  Tiiight  he  constAut 
or  variable. 


The  Relatton  of  Lvmph  to  the    N'ijtbitign  of  the 

TiNSUKS 

Interchange  of  nL&Urial  between  ti^U6  fluid  nod  blood  woul<] 
be  mcaningle33  except  fta  a  meana  of  making  good  an  intercJiange 
which  was  taking  or  had  takon  place  between  tlm  (.^i^J]  and  the 
fluid  which  bathes  it.  The  only  exceptioit  to  this  would  appear 
to  htf  the  case  id  which  interchangfi  took  place,  in  order  to  k^ep 
the  volume  and  uoinpoaidotL  of  the  blood  uniform. 

Living  cells  appear  to  determine  themselves  the  rate  at  which 
they  take  up  nourish mcnt ;  it  would  therefore  seem  likely  thai 
they  initiate  the  passage  of  nutriment  from  the  blood  to  tlie 
tJasue  tluiJ,  just  as  much  as  from  the  tissue  fluid  to  themselves. 
And,  d  this  passage  is  brought  about  by  diffusion,  osmosia,  and 
£ltration,  some  chaoge  in  the  ceil  would  havs  to  atart  Uiese 
processes  at  work. 

Internal  respiration  is  eonaidcrcd  to  take  place  by  difusion. 
Oxygen  passes  from  a  point  of  liif^h  presaura  in  the  blood  to  a 
point  of  low  pressure  in  the  cell  aci'oaa  the  Ltsaue  fluid,  and  at  a 
rate  determined  by  the  difference  in  pressure  betweeo  theae  two 
points-  And  since  the  oxygen  pressure  in  arterial  blood  is  approad- 
mately  eonstanti  the  rate  of  diflusion  ia  actuo-ll}'  determined  by 
the  consumption  of  oxygen  by  the  cell.  CO^  pasaes  in  an 
Opp[>site  direction,  according  to  itd  rate  of  manufacture  by  the 
tiaaue^  In  this  process  no  alterabiou  la  the  volume  of  the  tissue 
fluid  is  necciisary.  In  an  exactly  analogous  way  it  h  poaaible  for 
l]\  diffusible  euhstaucca  to  po^a  to  and  from  the  oell  and  blood 
ftcoording  aa  the  cell  needs  or  manufacttirea  them,  and  without 
altering  the  quantity  of  tissue  flniiJ-  We  know  that  iu  the  casA 
of  the  limbs  nuch  an  interchange  does  go  on  witlicut  any  overflow 
from  the  tiaauo  spaces  into  the  lymphatics. 

We  have  seeu  that  the  osmotic  pressure  of  the  Ma\  output 
of  a  cell  must  be  higher  than  that  of  its  total  income^  and 
especially  during  the  breaking  down  of  proteid  ;  water  will,  there* 
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fore,  be  attracted  by  osniOBis  towards  the  cell,  Preaumablj 
kataholic  products  will  be  at  greater  concentration  within  tho 
cell  th&o  in  the  tissue  fluid,  and  in  the  tissue  fiuitl  than  in  the 
blood-  Con ae fluently  water  would  be  attract^  into  the  cell  at 
a  rate  d^itermineJ  by  the  uiagaitude  of  the  osEiiotic  predsure 
maintained  within  the  cell  by  ita  own  metaboliam,  and  from  the 
blood  into  the  tissue  fluid  by  the  rate  at  which  the  metabolic 
products  poifi  from  the  cell  into  the  tissue  fluid.  It  is  not, 
thorefore,  difficult  to  imagine  a  possible  way  in  which  the  cell 
might  regulate  the  passage  of  water  and  all  diffusibEe  substances 
from  the  blood. 

Before  wc  can  hope  to  understand  how  this  relation  ia 
actually  carried  out  wo  must  have  itiformation  on  two  other 
fftctora,  namely,  the  exact  chemical  changes  that  go  on  in  different 
ceils,  and  the  permeability  of  cells  iu  both  directions  for  varioiis 
substances-  It  ia  possible  that  it  IB  variationti  in  the  metabolism 
and  permeability  of  cells,  more  than  diiferences  in  the  permea- 
bihty  of  tiio  cepjllary  wall,  which  determine  the  variations  in  the 
compoaition  and  fiow  of  lymph  found  in  difierent  areas,  and  tiiat 
.^le  objections  which  oppear  to  exist  to  the  view  of  Moore  and 
Writer,  that  proteida  are  diffuflible  in  the  body,  do  not  hold 
good. 

If  blood  pTotcidft  are  no n- diffusible,  thcj'  can  only  paaa 
through  the  capillary  wall  by  the  force  of  filtration-  By  analogy 
it  would  seem  likely  that  eella  would  have  the  power  of  regulating 
this  passage  from  the  blood,  and  if  ho,  they  must  be  able  to 
alter  tho  main  factor  in  filtration,  the  capillary  blocid  preaauje. 
It  is  usual  for  arterial  dilatation  to  accompany  tissue  activity,  ajid 
it  ia  probable  that  arterial  vaso- dilatation  cannot  cause  increased 
tieaue  activity,  therefore  tisane  activity  must  cause  the  vaso-dilata- 
tioOf  or  both  must  be  due  to  a  common  cauae.  The  latter 
appears  to  bo  the  case  in  the  salivary  glands ;  but  in  muscle  and 
other  important  tiaaues  no  auch  nervous  ajrangemeat  is  known. 
In  the  e.aae  of  muacla  it  has  been  suggested  that  products  of 
its  own  metabolism  other  than  acid  or  CO^  may  cause  the  vaso- 
dUat&tioD,  and  more  recently  Bayliaa  and  Starling  have  found 
evidence  that  the  [jrotlucU  of  tisaua  metaboli 
local  vaso'dilator  action- 
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titi«fl  of  the  solvent  into  the  tieaue  spaces  R-t*  the  sanie  time^ 
According  to  Stailmg's  view  niiicli  of  this  in  a  limb  would  be 
absorbed  by  the  capLllorive*  and  all  the  more  if  ihe  tjsauefi  AcLiveiy 
used  up  proteid  and  50  increased  the  effective  osmotic  difference 
between  tha  blood  and  l3rmph.  We  ehoulJ,  therefore,  expect  that 
va^-dilatation  accompanying  tisaiie  activity  in  a  limb  would  catue 
a  smaller  flow  of  lymph  tlian  va.BO'dilatation  alone  ;  which  would 
be  the  exact  oppoaite  at  the  ex|)efimeatal  result  It  would  seem 
likely  tbat  durmg  tissue  activity  it  ia  tbe  laiscd  osmotic  pressure 
of  the  tissue  fluid  which  retards  reabaorption  by  the  capillariea, 
and  so  leads  to  an  overflow  along  the  lymphatLes. 

The  importance  oE  vaao-dilatatiou  to  tissue  activity  is  not  con- 
fined to  providing  a  means  by  which  more  proteid  can  be  passe^l 
to  the  tiaauea.  Just  as  the  increaacd  velocity  cf  blood  Aow 
aids  internal  respiration  by  keeping  the  presaure  of  0^  as  high 
and  that  of  CO^  as  low  as  possible  in  the  blood,  bo  it  will  also 
help  the  passage  of  all  diffusible  iooda  and  metabolic  products 
to  and  from  the  ceU. 


iVfifi.— The  Kditof  wnuld  psi  fofwnrri  for  llip  warler'n  considernlion  a  view 
wlilch  he  hnldii,  vii.  Ltaat  tat^h  Thing  m  a  nrtraririn  preRimr^  ii  impos-ible  in  ths 
bodv.  In  rh«  ca»6  of  a  limb  eacJoaeil  in  the  Ekio,  cr  kiilna;  enclo&ed  >□  its 
capfaiile,  the  wbolo  fOirii-flBid  mapa  must  be  nt  capillarj  prsAsnrc,  jaM  ju  aiuch 
DE  tho  bmjn  and  cervbrrj-ppiaoJ  Btiid  uro  At  capjDaiy  prossurc^tbin  liv  h^M 
dclcrtnincd  expciiiDetiially,  A  flltrsllon  presauiB  can  only  cxibX^  la  the  BdiUir*t 
opiribn,  ivbou  (he  bud?  1»  CFjx'ued  ^t  axiy  poiai.  TliBlicttrl  openftimo  ibe  ntlomic 
ca^iljcf  afiimple  tobutHr  Hnimal  and  oirculaleB  Ibe  ccutoinlt;  Auld  bj  ii£  K^stol^ 
uid  <liH§Eole.  The  vhoie  animal  Is  at  the  same  m*--»n  lluld  prp«Tiie  In  ihe 
hlgbpr  AniniaE;  ca]>illDri»:  lake  tht  place  oT  the  cslomtd  aiv1(y,biiC  ihe  pby»ciil 
CDf]ditiulii4  Bl-fl  uiichsTigr<d,  The  vholfl  o£  ihe  hody  Quids,  unleia  inlluoDocd  bj- 
gravilv,  or  the  looalisod  comprcsn^vo  aclion  oE  ruveclefi,  or  ih«  sccrotorv  activiij 
of  the  ceUci,  art  &b  llic  same  prsiaure,  yit.  th&t  of  tbe  cfrpillAritS'  Auy  oi^iui, 
Budi  uri  tliB  Icid^cj,  Di  livtr,  couprewed  hy  uiuaiiulibr  ittloa  ie  at  iho  ume 
pfeannie  tbrvugUoat. 
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CHAPTER    XVni 

THE    MECHANISM    OF   ABSORPTION    FHOM   THE 

SMALL    INTBHTINK 

WATRk  and  material  in  Hdlutioii  pass  from  the  lumen  of  tbe 
sniall  inte±itiiie  tliroiigk  its  fpitlielial  Einittg  into  the  subepi- 
thelial IjTuphatics  and  blooj  caplUariea.  In  thia,  aa  in  every 
lather  instance  of  a  similar  phenomenon  in  the  body,  two  oppoaLng 
explanations  of  the  means  by  whieh  it  is  bronglit  about  have 
been  put  forward.  On  the  ane  hand,  there  arc  those  who 
attem|it  to  explain  the  result  by  difiui^ion,  oHULoaia,  iiJtration 
and  otber  phyaical  proceaaefi.  and  who  look  upon  the  epithelium 
a3  an  inert  membrane  with  a  permeability  wtdch  i&  peculiar  to 
itoclf,  and  which  is  constant  so  long  as  the  phyeical  conditions 
of  tlie  c«]b  remain  iinattered^  On  the  other  hand,  there  are 
those  who  (zotiHider  that  while  bhe  epithelium  makefi  ubi?  of  these 
phyaical  processes,  it  can  always  control  them,  and  may  bring 
about  results  in  direct  dedance  of  physical  Kwa.  The  point 
to  be  diBcufldcd  ia  whit^h  of  those  two  viewa  U  the  nearei'  to  the 
truth  in  the  case  of  the  smuU  intestine. 

In  considering  experiments  on  int«stipal  absorption  It  ift 
nece^aaiy  to  l>ear  in  mind  continually  certain  obvious  facts. 
Normally  the  fluid  o(  the  two  aides  of  the  gut  epithelium  is  of 
very  different  composition.  We  have  therefore  to  try  and 
eetimatc  how  far  the  end  result  of  an  cxpcrimont  is  duo  to  this 
di£erence  in  the  fluid  on  the  two  sides  of  the  membrane  and 
bow  far  it  may  be  due  to  a  specific  action  of  the  merabrana 
itself.  Again,  it  is  netiesaary  Lo  remember  that  the  epithelium 
lining  the  inteatineSf  no  matter  whether  it  acta  as  a  physics) 
membrane  or  not,  is  composed  after  all  of  ti^ing  cells,  and 
although  they  must  be  adapted  to  havini;  on  their  gut  side 
Bolutions  of  very  various  composition,  there  must  be  liniita 
within  wlibb  alone  the  epithelium  can  function  in  a  strictly 
nonnal   way.     When,    therefore,    we  introduce   into  tbe    gut    a 
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wholly  abnormal  fltiid,  such  aa  09  per  ceut-  sodjiim  chloride 
solution,  we  may  ignore  perhaps  the  e^ect  of  the  cell«  upon 
the  salt,  but  wc  cannot  ignore  the  poasihie  effect  of  the  salt  on 
the  celb.  It  is  certainly  e.  ^uph^niism  to  eaU  such  a  salution 
normal  saline ;  it  may  be  isotonic  with  the  blood,  but  we  know 
that  aodium  cliloride  is  by  no  nieana  an  indifferent  salt  to  tissuefL 
And  in  regard  to  the  effect  of  ions  upon  the  functional  tfctivitiea 
of  cells,  wc  know  that  diffcrcnb  iona  have  difiercnt  efFccta  upon 
a  given  cell,  and  aJen  that  the  eatne  ion  may  atfoct  tioBues  in 
dJfi^rant  ways.  In  fact,  no  mixture  of  salt  solutions  can  he 
made  normal  f*ir  all  tiasu&s-  In  researches  dealing  with  in- 
testinal absorption,  as  with  many  other  physiological  subjects, 
the  experimental  conditions  are  often  so  ahnornial  thatr  even 
if  some  mcchamsra  used  in  reaponac  is  cleatl^r  brought  to  hght, 
it  cannot  be  safely  aBsumed  that  the  same  uieclianlsm  ia  in 
conBtant  uw  in  the  normal  body.  No  part  of  the  body  can 
have  had  a  more  varied  education  than  the  alimrntary  caiial, 
but  it  ia  clear  that  the  only  atrictly  physiological  experiment 
on  absorption  would  be  one  studying  the  absorption  of  the 
normal  products  of  digestion  in  concentrations  which  do  occur 
in  the  alimentary  canal.  But  here  we  are  met  by  the  serious 
difficulty  that  between  the  gut  lumen  and  the  subepithehal 
capillary  or  lymphatic,  the  final  products  of  digestion  undergo 
change  by  Jetnienta,  auch  as  lipase,  maltose  invertin,  and 
crepain.  The  fcrmonta  very  hkely  act  both  within  and  without 
the  very  cell  whose  properties  in  absorption  we  wish  to  in- 
vestigate. These  eonfiiderationa  make  the  use  of  solutiona 
uf  Koap,  maltose,  or  peptone  objectionable.  Dcxtroae  has 
suggested  itaelf*  and  bt!ing  a  non-conductor  it  undergoes  no 
iomaation ;  but  it  is  not  by  auy  means  certain  that  dextrose  ia 
a  normal  constituent  in  the  alimentary  canal,  at  any  rate  in 
large  quantity.  These  fernients,  when  compared  with  living 
cella,  are  extremely  resiatant  to  the  action  of  chemical  poiaona, 
&c,«  and  it  may  bo  stated  safely  that,  lung  before  the  ferments 
were  destroyed,  the  living  cells  would  be  killed.  In  the  matter 
of  what  oonccntration  can  be  used  with  aafety  we  are  pro- 
foi.uidly  in  the  dark.  For,  we  havi;  no  means  of  knowing  at 
what  point  the  intp>  seases  to  function  normally. 

Experiment  itenoi  'p 

can  say  ^ 
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whether  the  cell  may  be  considered  normal  natil  that  point  « 
reac^ieJ  Ls  uokiiuwn. 

In  coueidering  bteatiiial  absorptioa»  thnrefure,  it  is  obnously 
Recesaary  to  remember  the  elementary  facta  oonneoted  with 
the  osmotic  hwa  and  their  general  relation  to  bioplaam  ;  and 
a  short  account  of  them  will  help  matcnally  the  dlBcuaaioD  of 
the  eK|>enmerLtd  to  he  considered. 

Osmoais.—^y  osmotic  preasure  is  meant  the  pieBsure  which 
a  difhiAible  substance  in  solutioD  exerts  an  a  seim-permeabie 
membrane,  i.c.  one  which  ia  permeable  to  the  solvent^  but 
absolutely  impermeable  to  the  substance  in.  eclution.  One 
phvdicHl  method  oE  measuring  oamotic:  pressure  is  to  separate 
in  a  Kopper  ferroryanide  membrane  osmometer  a  solution  from 
ita  solvent,  and  to  measure  the  pressure  exerted  directly  in 
mm.  Hg.  This  method,  however,  gives  only  appro-vimate 
valuoe,  far,  the  mombrane  is  not  striotly  impermeable  to  moat 
aubstance?,  although  nearly  8o  to  cane-wugar.  The  law  of 
AvogsdrO'Vau  't  HoiT  atatea  that  at  the  same  osmotic  pressure 
and  the  same  temperature  e^ual  volumes  of  all  dilute  aoluttona 
ccntain  the  same  number  of  moleeides ;  that  is  to  aay,  at  the 
Bume  temperature  eciuimoleculap  solutions  of  different  sub- 
stances in  the  same  solvent  must  be  isotonic  with  each  other. 
This  law  opens  up  another  and  more  accurate  physical  method 
of  measuring  oamotin  jiressure,  namely,  by  thtt  determination  of 
the  depression  of  the  freeiing-point.  For,  the  freezing-point 
cf  a  solution  is  lower  than  that  of  the  pure  solvent,  and  .the 
depression  of  the  freezing-pointy  A,  is  found  to  be  proportional 
to  tlie  concentration  of  the  dissolved  aubstanee.  It  follows, 
therefore,  that  if  a  gram  molecule  of  any  substacee  ia  dissolved 
m  100  grm.  of  the  same  solvent  it  ought  to  Lave  the  same 
A,  And  this  is  found  to  be  the  case.  When  the  solveot  ia 
water  A  =  —  18-(>°  C.  Solutions  of  various  substances  dissolved 
in  water  having  the  same  A  will  oonaequentlj  hav«  the  same 
osmotic  pressure ;  and  this  osmotic  pressure  will  correspoTid 
to  tht  pressure  which  the  solutioTi  would  exert  Oil  a  true  semi- 
permeable membrane.  But  it  was  soon  found  that  while  ei|iii* 
mobcular  solutions  of  aome  substances,  such  as  sugars,  urea,  &c.. 
gave  their  theoretical  A,  this  was  not  so  in  the  case  of  solutioTia 
of  the  strong  inorgamc  aclda,  bases,  and  salts,  all  of  which  gave 
larger   actual    values   than   they   theoretically    should.     Thus,    a 
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tion  of  NaCI,  0682  gun.  in  JOO  gnu.  water,  wm  found  to 
give  an  actaal  A  whicb  woa  1'95  times  greater  than  its  theoretical 
value.  lo  other  words,  the  actual  A  cortoeponded  to  a  solu- 
tion liflving  l'E)5  times  more  moletulea  in  solution  than  were 
apparently  there,  Arrheniua  accounted  for  this  discrepancy 
by  belie  vmg  that  thv^e  auLdtancea  underwent  electrolytic 
diasociation  or  ionisatiott,  and  that  the  ioni4  conducted  them- 
Belves  as  independent  molGOulea  in  the  eolutioo.  If,  then,  cqui- 
mol^cular  Aoiutions  of  two  Bubataucee  be  made,  one  of  which 
undergoes  ioniaation  and  the  other  nntj  the  former  will  contain 
a  larger  nunibifr  of  molecules  in  a  given  volume,  and  will  there- 
fore have  an  osmotic  pressure  greater  by  the  degree  of  ioniaa- 
tion  which  it  haa  undergoac.  By  determining  the  A  of  a  solu- 
tion we  ascertain  the  numbor  of  inactive  moleeulea  plus  the 
number  of  active  mcleculas  or  ions,  if  arjy,  present  in  a  given 
volume  of  the  solve ut.  The  difisociative  power  of  aolventa, 
i.e.  their  abilitj  to  split  up  a  aubatance  into  its  iona,  la  very 
different-  Hence  the  osmotic  pleasure  of  cquimolccular  eoJutionH 
of  tho  same  eubstancd  in  VEuious  Bolvants  may  he  very  difiercnt. 
Water  has  the  greatest  dissociative  power  of  any  solvent. 

The  question  arises,  how  id  it  known  when  a  substance  in 
aolution  has  undergone  icnisation  and  the  degree  to  which  it 
has  taken  place  ?  Now,  it  is  the  poastission  of  free  iooa  which 
malccs  a  solution  an  electric  conductor  or  electrolyte »  Ions 
are  Che  electrically  charged  particles  which  together  constitute 
a  molecule  of  an  electrolyte,  and  rnider  the  influence  of  au 
electric  current  the  anions  migrate  towards  and  discharge  at 
the  auode,  and  the  katione  at  the  kathode.  It  must  be  under- 
stood that  free  ions  arc  nctuallr  present  in  the  aqueoua  solution 
of  an  electroi}'te  because  of  the  dissociative  power  of  the 
solvent,  and  that  they  are  not  first  produced  by  the  action 
of  the  electric  CTiirent-  Tons  move  freely  in  all  dire<;tions 
through  a  solution  until  under  the  influence  of  au  electric 
current  they  are  driven  in  two  definite  directions.  Solutions 
of  various  substancca,  therefore,  may  be  divided  into  conductors 
and  non-conductors,  according  as  the  substance  iindergoe« 
ioTiisation  or  not.  Thus,  100  per  cent,  aulphoric  acid  is  a  non- 
conductor, but  if  water  be  added  it  undei^oes  ionisation  and 
conducta.  Up  to  a  certain  limit  the  greater  the  dilution  th« 
greater  the  ioEusation.    Since    the    possession    of    ions  makes  a 
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solution  an  electrolyte,  the  degree  of  ionization  of  a  given  solu- 
tion can  be  tncaaurcd  hy  obscr%'ing  ita  electrical  conductivity, 
i.c,  the  rcsistaficc  oliered  by  the  aoLutioa  to  the  poesage  of  an 
electric  current. 

Diffusion. — Wben     the    co  nee  Titration    of    a    dkaolved    sub- 
stance ia  net  the  same  at  Iwo  points  in  a  twlution.  the  difference 
of    concentration,    i.e.    of    osmotic    pressure,    between    the    two 
pointa  moves    the    Bubstance   from   tlie    point    of    higher    to    tbe 
point    of   lowur   oemotic    preasuro    by    the    proceaa    of    difliifiion, 
Hnd    Et  a    velocity    proportional  to  the  difference  of    prefigure. 
Graham    divided    Aubstaricea    into    cryiitalloidJi,    which     diffuae 
rapidly,   and   into   colloids,  which    diRuae   extremely   slowly.       A 
litt)e  coEiaideration    ahowa  that  diflercnceA  in  diiliujbility   must 
be  a  property  of  molecular  weight.     For.  accordicg  to  Avogadro- 
van*t  HofTs  law,  1  grm.  moL  of  s,  aubatftnce  dissolved  iii  water 
and  made  up  to  a  volume  of  22'!  litres  oicerta  at  0^  C.  an  osmotic 
pressure  of   TCiO  mm,    Hy ;    and   tHereforts    it   foUowa   that    tlie 
greater  the    molecular   weight  the   Jcaa  is  the    osmotic   pressure 
exerted    by   each   molecidc-     Now,    coUoida   are    subataTKca  with 
very  high    molecular  weight,    and    therefore  they    deprese    the 
freeEing -point  of  a  solution  but  little,  and  have  a  correspondingly 
low   osmotic    pressure    and    ditluaion    velocity.     They    are    non- 
conductors.    While    it    ia    roughly    true    that    cryatalloida   difTiise 
through  colloidal   membranes,  euch   aa  animal   or  gelatin    mem- 
branes, &c.,  and  that  colloidal  aolutions   do   not.  yet  there  can 
be  no  very  sharp   line   between   the  two ;    for  the   diffusion   of 
many    crystalloids    l&    hindered    by    colloidal  memhianea^     and 
there   is    evidence    that    Kolloida    can    diffuse    into    colloids.      In 
the    body    aimple    diffusion   between   two  solutions  without    an 
intervening  membrane  ia  rare-     A  membrane  would  complic^ite 
diffusion  only  if  it  were  not  equally  permeable  to  all  diffusible 
tfubfitances  in  solution.     In  the  body  this  complication  is  added, 
and  it  ia  clear  that   diffusion    must  be  greatly  influenced   by   the 
[larticular  permeability  of  the  meinbrunc  present. 

When  vfc  turn  to  the  investigation  of  the  osmotic  properties 
of  auoh  physiological  fluids  &s  blood,  urine,  fe;.,  we  Bee  thftt 
the  phyaicfll  methods  >neld  information  which  we  could  not 
otherwise  obtain.  Chemical  analysis  alone  cannot  yield 
defmite  information  about  the  osmotic  properties  of  such  solu' 
tioDA;    for,   their    oamoUc  pressure   depends  upon   the    number 
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of  mclaculeA  And  lorn  m  the  solution,  and  tMs  cannot  be 
determined  by  chemical  aoalj'siB.  Further^  organic  aubstaticea, 
fluoh  as  proteids,  present  in  phpeiologicaJ  fluida  yield  on  In- 
cinerfifioTj  organic  acids.  ^.,  capable  of  exemrig  a  conitiderable 
osmotic  pressure,  which  would  havo  been  iuiposaible  m  the 
origmal  solution.  If,  therefore,  we  wish  to  know  the  osmotic 
pressure  of  one  of  these  fluids  we  most  determine  its  A.  From 
what  has  been  said  it  would  appear  that  we  couJd  then  deter- 
mine the  coni^entrdCioii  of  the  electrolytes  present  by  estimating 
the  electrical  conductivity  of  the  fluids.  This  is  true  for  such 
a  fluid  aa  urine,  but  in  the  coae  of  blood,  lymph,  and  other  fluids 
containing  large  quantities  of  proteid  it  would  not  bold  good. 
For  it  has  been  found  that  the  presence  of  coUoids,  whilst  not 
altering  the  diffLisiou  velocity  of  an  electrolyte,  does  dimininh 
itfl  electrical  conductivityn  In  order  to  cany  out  a  complete 
osmotic  analysis  of  serum,  ito.,  it  is  necessary  to  employ  com- 
plicated indirect  methods  which  cannot  he  discussed  here, 

Wlien   the   osmotic   pressure   of  a  fluid   has  been   determined, 
we    know    only    the    pressure    which    the    solution    would   eaert 
on   ft   true  semiperrDeabie  raembrnne :  but  this  tells  us  nothing 
about  bow  much  of  this  pressure    would    be    exerted   on    a    celJ 
wall,  unless  we   know   the   permeability    of   tissue    cells    for   the 
various  subsl&nces  in  solutioTi.     Of  the  actual  pernienbility  of  tissue 
cells  for  various  substances  we  know  very  bltle,     De  Vriea  esti- 
mated the  osmotic   pressures  of  vftrioua  solutioua  by  immeraing 
in  them  tangential  sections  of  Trudcscantia  leaves.     When  tho 
solution  had  an  osmotic  pressure  just  higher  than  the  contents 
of  the  cell,   the  protoplasm  was  observed  to  undergo  plasmolysis 
aud   shrink  up^     There   is    no    doubt   that    this    vegetable   eel] 
wall  is  a  more  or  leaa  semipermeable  iQembrane  for  some  sugars 
and    salts.     In    the  cose  of   nninini   cells   we    know    little   of  the 
permeability  of  any,  excepting  red  blood-corpuscles.     Hjimburger 
estimated    osmotic    pressures    by    adding    red    blood  -  coipusclea 
to   various  strengths  of  difierent  salt  solutionSn     If  the  sol" 
is   hypotonic  to   the   corpuscles,  ther   swell   up,   arid  th 
globin   is   liberated.     If  two  strengths  of  a  soluticr 
one  of  which  just  does  and  the  other  does  not  pror 
then    the    mean    strtnvth  woidd  be  isotomc    wi 
blood  plasma.     Another  method  of  dctcriiiiuiD* 
is  to    measure    directly   tho    volume    of   red 
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capillArv  tube  of  a  hsiDocrit ;  any  solution  in  which  the  corpuscles 
do  uot  alter  in  volume  will  Im*  isntonir  with  the  plasma,  Althodgh 
thpsi:  ]iliysiol<igical  methodic,  &»  a  way  of  estiQiating  Damotic 
pressures,  arc  open  to  many  limitatioiia  and  follacieH,  th«y  do 
ahow  ttiat  the  red  corpuscle  behaves  to  aome  substances  in 
solution  aa  a  partial  Hemipermeable  membrane-  Dnt  tbis  actaal 
permeabiJity  of  red  covpuscleR  can  be  estimated  in  the  following 
ways.  Hcdm^a  mHhod  conslata  in  dissolving  eq^ual  quantities 
of  the  same  aubetancc  in  whole  blood  ^nd  in  plasma ;  iLe 
corpuGcles  ar&  centrifugabEcd  aw&y  in  the  one  caau,  and  the  ^ 
of  both  \au  of  plaaraa  is  observed.  If  the  A  of  the  ce&tii- 
fugaliddd  plAHiEia  in  les^  than  tbut  of  the  other  plasma,  then 
aome  of  the  diasolved  substance  ha«  been  taken  up  by  tfac 
ixjrpuscles,  Okcr-Blom'fl  method  depends  upon  the  fact  that 
olectrolytea  contained  in  red  blood-corpuscles  or  taken  up  by 
them  from  the  plasma  do  not  influence  the  electrical  conduc- 
tivity of  blood-  Tf  a  conducting  .substance  is  dLisoIved  in  blood 
and  the  observed  electrical  conductivity  of  the  solution  com- 
pared  with  what  it  ought  to  be  if  none  of  the  substance  has 
passed  from  the  plasma  into  the  oorpuselea,  it  can  be  ascer- 
tained whether  or  not  the  coqjuacles  are  permeable  to  this 
substance-  By  these  means  it  has  been  shown  that  red 
corpuscles  are  practicftlly  impermeable  to  NaC!<  Kd,  NaNO^ 
KNos!  KBr,  K^SO^  and  a  few  ammonium  aalta,  but  are  readily 
permeable  to  NHjClf  NH,Br,  NH^NOa  and  most  other  ammo- 
nium salts.  Of  the  permeability  of  other  cells  we  know  practi- 
cally nothing,  but  it  ia  clear  that  in  any  question  dealing  with 
filliation.  diffusion,  or  osmoais,  through  li\"ing  membrancaj  the 
permeability  of  those  cells  ia  of  fundamental  importance. 

When  we  consider  the  ways  in  which  various  solutions  could 
produce  an  effect  upon  living  cella,  two  obvious  poasibilities  at 
once  present  themselvefl :  [1)  that  they  act  in  virtue  of  their 
osmotic  pressure,  and  (2)  by  ionic  action.  That  osmotic  preasuie 
does  affect  the  properties  of  living  cells  is  best  shown  in  the 
case  of  no n 'electrolytes ;  for,  by  ufling  them  we  exclude  the 
poeaibilLty  of  ionic  action,  Mathews  has  shown  that  non-electro- 
lyt<fl  in  iaotonic  solution  will  not  abimulatc  a  sciatic  nerve,  Loeb 
and  others  have  ehown  the  same  thinj;  for  muaclen  On  the  other 
hand,  any  non-conductor  in  solution  having  an  osmotic  preaeure 
of  about    14   atmospheres    will  stimulate  a  nerve-     The    aame 
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^  »  true  of  amilar  aolutions  of  electrolytes,  no  matter  what 
^Jproperty  a  more  dilute  aolution  has.  The  way  in  which  theao 
^H  hvpertonic  Bolutiona  cause  Btimulatiou  ia  UDccttaln,  but  it  seenu 
^P  likely  that  they  act  largely  by  the  extractioti    of   water  eetttng 

up  a  definite  change  In  the  coUoida  of  the  cell. 
^_        When  we  turn  to  solutions  of    electrolyte^  containing  ions, 
^Hva  Bee  that  they  might  act  on  living  cells,  apart  from  oamotio 
^^  pressure,   in    two    wayg — either   chemically  or   electrically.      The 
suhjeet  is  atill  highly  theoretical,  and   nothing  more  than  a  very 
brief  outline  can  be  attempted.     The  aubject  has  been  investi- 
gated by  Hardy,  Loeb,  and  many  other  observers^  and  recently 
^^  by  Mathewa,  Garrcy,  and  Benedict  for  nerve,  skeletal  muBcle^  aod 
^■cardiac  muade   respectively;  and   in  their  papers  the  neceaaary 
^^  refetencea  to  previous   worters  can   be  fouiii     Klectrolytea,   lite 
non-electrolytee*  can  Btlnmlatc  nerve  by  an  osmotic  abstractioti 
ol  water.    Mathews  found  that  nearly  all  electrolytes  in  eolubona 
having    an    osmotic    pressure    of    about     14    atmospheres    will 
pro<luce    atimulation.     Rut    electrolytes,    unlike    non-cofidnctors, 
may  also   produce  Btimulatic^o   as  isotonic  solutions,  therefore   it 
ia  clear  that  they  have  some  further  power  of  stimulation,  which 
might  be  either  chemical  or  electrical ;  and  we  havo  to  diauusa 
which  it  13-    Now,  since  nearly  all  sodium  salts  stimulate  nerve 
the  chemical   composition   of  the  anions   in   this    instance    most 
be  unimportant ;  and  the  stimulating  power  of  these  solta  might 
be  looked  upon  as  a  peculiarity  of  the  cation  Ka-    But  we  find 
that  many  ealts  of  ammonitmi,   potassium,  barium,  lithium^  and 
mbtdium  ahare    their   power   with    nodiuin    salts:  and  we    ore 
<iblige<i  to  conclude  that   this  power   does    not  appear  to    be  a 
peculiarity  of  the  chemical  composition  of  the   cation  any  more 
than  of  the  anion.    Solutions  of  KOH  or  NaCT  produce  the  same 
stimulatory  c0ect  on  nerve,  and  yet  the  only  thing   they  have 
in    common  is  nothing  chemical,  hot  the  point  that    both    are 
electrolytes.      Both    Bolutiona    contaiu    positive     and    negativa 
particles,  and  since  the  chemical  composition  of  these  ions  appeore 
to  be  a  matter  of   indifference,  we  can  conclude  only  that  th 
^^  properties  depend  upon  their  electrical  condition ;  in  other  w 
^^  We  come  to  the  conclusi<m  that  cheniical  stimulation  ia  esai 
electrical  stimulation.    Now,  if  this  is  so.  we  should  exu 
the  anion  of  NaCl  would  be  the  stimulating  agent;    U 
a  negative  charge  it  would  correspond  to  the  cathode  i 
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electrode  o!  a  constant  current,  and  we  ahould  expect  for  the 
Aame  reiuoQ  ttie  i^tion  Na  to  have  a  d^pr«esmg  auction  owing 
to  its  positive  cliarge-  The  truth  of  thia  supposition  is  veil 
aHawn  by  the  different  action  of  &cids  and  alkalies  upoa  nerve; 
hydrates  atimnl^to  and  acids  dcpiesa  it.  The  action  of  a  bydrate 
k  due  to  the  predominanoc  of  negatively  cbarc^  OH  iono  which 
it  contains,  and  the  action  of  an  acid  is  aiimlarty  due  to  a 
preponJH. ranee  of  positively  oborgpcl  H  ions.  Mathews,  hi  fact, 
haa  reached  the  generalisation  tbat  all  onions  havo  a  stiniulatitig 
aotion,  and  all  cations  a  depressing  action^  not  only  upon  nerve 
but  upon  bioplaam  in  generaL  The  available  evidcsacQ  od  the 
nhole  strongly  aupports  Mathewa'a  view. 

A  aaJt  consists  of  both  an  anion  and  cation.  From  what 
haa  be«n  said  it  would  follow  that  the  factor  which  det^muiira 
whether  a  fialt  as  a  whok  stimulates  or  depre^es,  inudt  be  the 
relative  efficiency  of  its  anion  and  option;  if  the  ozuon  prt- 
dominata»H  an  in  the  hydrates,  the  salt  will  stimulate,  and  if 
the  cation  predominat«a  the  salt  will  depress. 

It  would  flcora  to  follow  also  that  there  must  be  a  connectioD 
between  the  valency  of  ui  ion  and  its  physiological  action ;  for, 
the  greater  the  valency  the  greater  fa  the  number  of  electrical 
charges  whicli  the  ion  pos3east*s.  And  on  the  whole  this  is  found 
to  be  the  case ;  the  dcpreaaant  action  of  a  salt  increaaea  with  an 
increaee  in  the  number  of  charges  on  its  cation,  and  the  atimE- 
lating  power  increaaea  with  the  valency  of  the  anion.  But  iJ  the 
valency  of  the  iocs  were  the  real  and  sole  explanation  of  the 
physiolo^oal  action  of  a  salt,  we  should  at  once  be  landed  in  a 
difficulty-  For  Baits  with  ions  of  the  same  valcnoy  should  alimn- 
Iflte  or  depreas  et|ual!y;  but  this  is  not  ao.  For  instance,  NaCl 
as  a  whole  atimulatea  nerve,  i.e.  the  CI  overbftlaneea  the  action 
of  the  Na,  but  AgCl  depresaes  nerve,  i,e.  the  Ag  overbalances 
the  Oh  Wc  have  therefore  to  explain  why  the  charge  on  Ag 
appears  to  be  ao  much  more  efficient  than  that  on  Na.  Matbewa 
has  pointed  out  that  the  efficiency  of  an  ion  depends  upon  the 
potential  of  itA  charge,  its  ionic  potentifl.!,  that  is,  upon  the 
tendency  of  the  ion  to  give  up  its  charge  and  to  change  its 
eleotncal  state  \  or,  to  put  the  point  in  another  way,  thcee 
elements  which  are  the  most  stable  and  hold  their  charges  most 
firmly,  will  have  the  least  physiological  actiou.  Now  the  greater 
the  alfinjty  of  an  element  for  its  ionio  charge,  the  greater  will  be 
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%)!&  voltage  required  to  eepaifit^  its  cbarge  from  it.  Thia  voiltagG 
whea  meaaured  will  also  give  tKe  aolution  tension  of  the  element, 
that  ia,  the  tendency  o£  the  element  to  go  into  solutiott  and 
acquire  a  charge.  Solution  tension  will  therefore  be  the  re- 
ciprocal of  iomc  potentd&I.  In  other  words,  the  greater  the 
eolution  tension  of  an  ion,  the  lesa  will  be  the  ionic  potential ; 
the  electrical  stability  of  the  ion  will  be  greater,  nnd  the  physio- 
logical action  less.  Kow  Ag  has  a  much  lower  solution  tenaion 
than  Na,  therefore  it  posseasea  &  greater  ionic  pct^^ntial  and  a 
more  powerful  depressant  action.  In  this  way  Mathews  explains 
the  fact  th.at  AgCl  depresses  nerve  whilst  NaCI  stimulates  it^ 
Similarly  for  any  other  salt  we  may  lay  down  the  general  pro- 
position thatn  the  more  stable  the  anion  thg  Icaa  la  the  stimulant 
action  of  the  salt,  and  the  greater  the  electrical  stability  of  the 
cation  the  leas  is  the  depressant  power  of  the  salt.  Mathews  has 
shown  that  the  physiobgical  aetion  of  an  ion  is  modified  alao  by 
its  velocity,  weiglit  and  volume  in  anch  a  way  that  the  faster  it 
moves  the  more  powerful  it  is,  and  the  heavier  it  ia  the  less  is  il£ 
power.  But  theae  points  cannot  be  dLiscuesed  here.  Mathewa  has 
eunimed  up  this  part  of  the  subject  as  follows:  Ions  are  minute, 
freely  movable  electrodes,  of  diflerent  voltagea.  The  physiological 
action  of  any  ion  depends  upoo  (1)  its  concentration,  (2)  the  agn 
of  its  electrical  charge*  and  (S)  ite  electrical  stability  or  ionic 
potential.  The  physiological  action  of  an  ion  is  therefore  de- 
pendent oo  electrical  state  and  stability*  and  is  independent  of 
chemical  composition  except  in  so  far  as  this  may  influeace  the 
velocity  and  weight  of  the  ion.  The  physiological  action  of  a  salt 
depends  upon  the  sum  of  the  physiological  actions  of  its  com- 
ponent ions- 

Thus  far  we  have  seen  that  chemical  stimulation  is  electrical 
and  independent  of  the  chemical  composition  of  the  iora  which 
cause  it.  But  this  does  nob  exclude  the  possibility  that  ione 
might  have  a  chemical  aa  well  as  an  electrical  action.  And  that 
they  had,  was  thought  to  be  shown  most  clearly  by  a  considera- 
tion  of  the  toxic  and  antitoxic  actions  of  salts.  Ringer  made  the 
original  discovery  that  the  action  of  K  salts  on  the  heart  could 
bo  ontagonised  by  Ca  salts.  His  observatiofis  have  been  extended 
by  Loeb,  MacCallum  and  othere,  for  other  salte  and  for  other 
tifisues  and  celle.  Further,  it  baa  been  shown  that  salts  may 
Butagoniso  the  action  of  drnga  other  than  salts.    For  instanco,  the 
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ef:  '^TT**'*  raprwomL  ^ ,  can  b«  inti^nBiwI  lu^j^Jr  by  Ck  atlb 
m-  tne  oltfe  pMffiiig  ^«c«a  Mad  vl  moatm  bartend 
Socb  oli0Qrvaiteitt0  wtfg^tt  tw  ponwhioty  tlut  tic 
action  ti  iow  might  be  of  ■  *^lr"**f*l  lutare.  Aid 
tloi  «iAMppMsdt«  betke  can  onfl  Lovb  bmIb  tb«  impoiUBt 
W^miiiii  lint  it  wm  ikt  viieacj  ol  tbe  catiaB  vUA  Ogtwiauied 
vttiU'xx  «ctkpii.  Loci}  started  at  kaflt  twQ  Tiewa  to  aocooot  for 
luiDwn  ob«erTaCioQ«  on  antitoxk  actkn,  and  le&  tbe  aobjcct  in  4 

;«oflditioo  of  gr«at  naoeitaintr,  wlu^  ctiD  exitta  nan  or  leaa  in 
i|nt«  of  the  nceni  wnrk  of  Marbewv  and  Lil&a  It  is  pcnsible  ti& 
give  ben  onlj  tbe  general  coodoiioua  at  vtuch  Mathew  W 
Viived  Aoccvding  to  his  ticw  tbe  pl^moJo^cal  actioo  or  uaidtj 
of  aadtb  doe  to  the  fomof  tiie  aoiatiop  tcomm  and  not  to  ti^ 

.valency  of  ha  iofu,  that  ii  to  a^,  togiiat^  n  a  property  of  boOt 
iona.  ^itnahrlj,  be  beJieves  tbat  ^  anthoric  powier  oi  a  salt  u  « 
property  of  both  its  loi^  and  ia  not  coofincd  lo  an  antagousB 
between  catiotu  of  different  Toleocy,  as  Lo^  thoo^bt-  It  ia  M 
yet  nnceftain  wbat  detennincs  tbe  antitoxic  pow^  oi  a  salt  ]  kt 
it  a  not  in  all  caaea  known  to  be  reUted  to  tbe  Tain  of  tbe 
aolutdon  tenHiona  of  tbe  iona. 

WLeo  we  try  and  get  an  inaigbt  into  the  way  in  wbicb  ults 
«3cert  then  toxio  luid  ^ntitoaric  powers  od  bioplasm,  we  find  that 
oar  knowledge  h  extremely  m^gie.  The  expenmental  eviden^v 
is  conBued  largely  to  observations  on  tbe  ova  and  dUated  larvs 
of  njarine  animalA,  Tbe  obeervationa  sbow  tliat  the  toxic  action 
of  a  salt  may  be  owocisted  with  the  folLowin^  gro^s  cbujges  in 
bioplasm,  {tt)  PlflHmolyflis.  Many  salts,  such  as  NaCi,  KCl  and 
lAO,  are  toxic  to  ova  when  the  osmotic  preaaure  of  their  aolutiona 
ia  greater  than  that  of  sea-water.  Tbe  egg  membrane  la  reUtimly 
impertiieable  to  thoae  aalta,  and  if  the  osmotic  pressure  outaide  is 
«itlliciently  greats  the  cell  undergoes  plamnotysis.  A  calcium  aah 
b  able  to  neutralise  this  action  completely  by  altering  apparently 
the  permeability  of  the  membrane  to  tbe  to^lc  salt;  in  this  way 
tbe  effective  osmotic  preasiire  o£  the  toxic  solatioa  la  reduced  and 
plasmoly^s  prcvcntodH  (b)  Coagulation.  Other  saltg,  aucb  as 
those  of  Mn,  Co,  Ni,  are  toxic  in  conccntrationa  far  lower  tban 
would  be  necessary  to  produce  plasmolysis  of  the  celL  The  salts 
pnwluco  a  alow  coagulatioQ  of  the  cell  contents  owing  to  the 
gradiial  passage  of   the  salt  thiough  the  egg  membrane. 
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[antitoxio  action  of  a  calcium  salt  appears  to  he  due  to  ita  power 
reducing  tKa  permcabititj  of  the  membrane  to  tlie  toxic  fi^lt. 
[How  these  changcB  in  ponneabilitv  ftro  brought  about  we  do  not 
:iioWj  any  more  tbau  we  know  whether  or  not  penoeablUtv  ia  a 
^{shetmcal  or  pbyaical  phenomenon,  (r)  Liquefactloi]  of  the  cilia 
jof  larva?  is  observed  to  take  place  in  some  aoluLioita  and  to  be 
■  prevented  bj  the  presence  of  other  aalta,  Beaidea  theao  groaa 
toxic  changes,  however,  it  ia  likelj  that  iona  can  inSuenee  bio- 
^-  plasm  ill  many  other  ways,  such  aa  alterations  in  the  state  of 
^H  colloidal  aggregation,  alterations  of  surface  tenaioo,  ^c,  and  peihapa 
^  chemically ;   but   these    are    largely  theoretical  and    cannot    be 

■  diacoascd. 
Thu3  far  we  have  dealt  entirely  with  the  action  of  ions  on 
living  matter     But  it   must  not  be  thought  that  theii   field  of 
p       action  is  conned  to  bioplasm^  and  that  because  ionic  action  may 
^blue  demonetratcd   to  have  taken   place,  it  ia  any  proof  that  the 
^^  materiilT  on  which  it  la  acting,  is  living.     Hardy  and  others  have 
demonstrated  the   power   of   solutions  of  electrolytes   to   produce 
coagulfltion  of  colloidal  solutions.    It  is  a  matter  of  secondary 
^m  importance  whether  the  coagulative  power  of  ions  ia  related  to 
B  their  valency  as   opposed  to  their  ionic  potential.    The  results 
Buggeat  that  the  power  of  ealta  to  alter  the  permeability  of  cells 
^.   and  the  physiological  activity  of  bioptuam  may  l>e   connected   in 
H  part  with  a  power  to  alter  the  phvaical,  perhaps  electrical,  con- 
~  ditioQ    o£   the    protoplaamic    colloids.      Cole    and    others   have 
investigated  the  action  of  ions  upon  the  activity  of  unorgaiiiat^d 
ferments,     Cola  came  to  the  general  conclusion  that  the  activity 

I  of  a  ferment  is  stimulated  by  anions  and  depressed  by  cations, 
the  effect  of  the  ions  being  determined  by  their  aotinising  power. 
His  tGBulta  have  been  confirmed  and  extended  by  McGuigan,  who 
1  concluded  that  the  inhibitory  power  of  any  aalt  is  inversely 
proportional  to  the  sum  of  the  solution  tensions  of  it^  ions :  a 
result  which  ia   identical  with  that  arrived  at  by  Mathews  for 

■  the  action  of  ions  on  nerve.  Neilson  and  Brown  have  shown 
that  the  catalytic  decomposition  of  hydrogen  peroxide  by  plati- 
num black  is  stimulated  by  anions  and  inhibited  by  cations, 
^m  This  action  of  ions  upon  unorganised  fermenta  must  be  of  great 
^P  importance  in  relation  to  experimenta  on  absorptiou.  For, 
daring  absorption,  the  produota  oi  digestion  undergo  change  by 
ferments  ;  and  further,  it  is  now  thought  that  many  of  what  used 
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to  be  conBidcnnl  vital  properties  of  biopUam,  such  ao  eynthmsi. 

oxidation,  and  reduction,  are  due  to  the  presence  of  unorganieed 
intracellnlar  fermentB. 

We  thus  arrivH  at  the  general  conclusion  that  a  eolutioo 
of  an  electrolvte  may  alter  the  properties  of  cells^  (o)  hj  oamoeia. 
{h]  by  ionic  action,  which  ia  cert^aly  electrical  and  may  be  alao 
chemical ;  whereby  the  solution  altera  the  permeability^  the  st«te 
oE  colloidal  aggregation,  and  the  other  uncertain  physical  and 
chemical  conditions,  &c..  upon  which  the  normal  phjaiolo^cal 
activity  of  hioplosri  depends ;  (c)  by  alterations  in  the  activitiea 
of  uno^aniaed  ferments. 

When  diacLiasing  Buch  a  subject  aa  whether  absorption  ia  due 
to  physical  forces  or  to  the  Vital  activity  of  cells,  it  ia  impoaaible 
to  Ignore  the  queationa,  what  do  we  understand  by  vital  action  ? 
and  at  wliat  point  do  we  consider  it  necoeeary  to  aav  that  a 
phenomenon  is  due  to  it  ?  Vital  aetis^ty  cannot  be  held  to  mean 
any  and  all  the  properties  exhibited  by  living  cells,  for  the 
same  ccKa  when  dead  may  atiU  exhibit  aomc  of  these  properties^ 
whith  must  then  be  held  to  have  a  phyaicol  or  chemicai  baais. 
Wc  shall  consider  as  ^nta]  such  properties  of  a  cell  as  are  changed 
in  kind  and  not  merely  in  degree  when  the  tame  cell  is  dead. 
Thifl  dpfinitii»ri  leaves  open  the  queation  how  far  vital  activity, 
as  defined,  may  still  have  a  physical  and  chemical  basis.  It  is 
BiQiple  to  interpret  a  compariaon  between  the  properties  of  the 
same  cell  when  Uvinp  and  whoti  dead ;  but  the  ease  is  altogether 
diSeront  when  we  allow  solutions  of  electrolytes  and  poisons  to 
act  upon  living  cells-  Our  ignorance  of  the  nature  of  the  changva 
produced  in  bioplasm  by  ions  and  poisons  renders  it  impoa«ble 
to  interpret  the  results  in  terms  of  vital  activitj,  .\nd  to  a  lesa 
extent  the  same  must  be  true  of  any  other  solution  which  U 
foreign  to  the  cells  in  question. 

We  mn»t  now  turn  to  the  more  iupoitant  expenmentd  which 
deal  with  absorption  by  the  small  intestine. 

Hainhurgir's  EEperimenl3-—T^Q  older  observers  had  aiiggeatcd 
that  filtration,  dit!uBion,  oaraosig,  and  imbibition  might  e^lain 
intestinal  absorption.  But  Hamburger  is  the  chfef  inodem 
ohservei  who  has  attempted  to  explain  hy  physical  processes 
all  the  phenomena  of  intestinal  absorption.  He  haa  suggested 
that  physical  factors  other  than  those  enumerated  abovo  niar 
play  a  part,  namely,  the  osmotic  presaare  of  proteids,   aspiration 
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produced  by  Ike  blood  flow  in  the  capillariea,  &nd  tlie  pumpiag 
action  cl  the  villit  wliicli  la  suppoaed  to  be  like  that  of  both  b 
suction  and  a  force  pump.  It  iB  noooBaar3^  to  aay  a  word 
about  the  relative  importance  of  these  v&rioua  factors  accordirig 
to  Hambu^r's  view,  and  to  uietition  the  experimental  evidence 
on  which  the  view  aa  a  whole  is  baaed. 

All  observers  admit  that  di0uaion  and  oamoHia  may  play  a 
part  in  abaorptloo,  but  they  differ  in  the  importance  which  they 
aacribe  to  them.  Even  on  Hamburger's  view  diffusion  and 
osuioais,  like  imbibition,  play  a  relatively  aecoodary  r61e.  Two 
%-arietlea  ol  imbibition  are  recogniaed^  molecular  and  capillary. 
By  molecular  imbibition  ia  meant  the  taking  up  of  fluid  by 
homogeneous  non-porous  masaefi,  such  as  gelatine  and  agar  plates, 
and  by  capillary  imbibition  the  taking  up  of  fluid  in  the  pre- 
formed spaces  or  pores  of  a  material.  Th^  tiaauea  of  the  body 
have  the  power  of  taking  up  much  more  fluid  tlian  they  normally 
poesess,  and  Hamburger  aeaimiea  that  this  may  take  place  by 
imbibition.  He  euppoaee  that  during  absorption  solutions  are 
taken  up  into  the  epithelium  by  molecular  imbibition  and  are 
then  passed  by  capillary  itabibition  through  the  connective  tisane 
spaces  of  the  aubepitheUal  tisane^  where  they  are  taken  up  by  the 
capillary  wall  again  by  molecular  imbibition  and  finally  passed 
by  capillary  imbibition  into  the  interior  of  the  capillary.  The 
fluid  reaching  the  blood-stream  ia  constantly  carried  away,  and 
this  makea  a  continuooa  absorption  by  imbibition  possible.  There 
is  aomo  evidence  to  shew  that  imbibition  may  be  a  selective 
process  and  that  gelatine  and  pieces  of  dried  ttsaue  are  by  no 
means  indiflerent  to  the  solutions  in  which  th^^y  are  soaked.  It 
haa  been  ahown,  for  instance,  that  they  will  take  up  much  more 
of  a  solution  of  NaCt  than  of  a  aolution  of  Na-SOf.  Sulphates 
are  known  to  be  but  filowly  absorbed  from  the  alimenUrv  canal, 
and  it  ha^  been  suggested  that  the  different  rs-tes  ^t  which  salts 
are  absorbed  may  be  due  in  part  to  the  varying  degree  to  which 
they  can  be  imbibed-  It  hae  been  found  that  dead  tissues  may 
show  coneiderable  imbibition,  but  how  far  hving  tissues  ahow  the 
same  phenomenon  it  is  imposEible  to  say. 

It  is  ira|wsaible  to  talfe  very  seriously  the  aspiration  produced 
ty  the  blood-stream  as  a  force  which  is  to  be  capable  of  absorb- 
ing fluid  from  the  gnt:  f""-  ths  suction  produced  by  a  fluid  of 
the  speoifio  gravi  ^'u      -♦ 
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1  mm,  per  sec-  must  indeed  be  small.  Hamburger  apparently 
looks  upon  it  aa  a  force  which  determineis,  not  so  much  the 
abwrptioD  o£  fluid  from  tlie  luuien  o£  tite  ^t,  aa  the  passage 
cf  tiuid  from  the  conneotive  apaoe  into  the  blood  capillary  rather 
than  into  the  lymphatic ;  for  the  rate  of  fiow  in  the  blood  capil- 
lary is  probably  far  greatjjr  than  in  the  lymphatic. 

Filtration  ia,  according  to  Hambiirger^a  view,  tKe  moat  Impor- 
tant force  in  nbaorption,  Lcubuschcr  had  previoualy  maintained 
that  a  slight  increase  of  intra'inti?stiii^  pressure  iavoored  absorp- 
tion, and  he  cKplaiced  the  result  not  by  filtration,  but  by  an  xm- 
foldintf  of  the  mucous  mt^mbraue  increasing  the  absorbing  surface. 
Hambuxger  eliminated  thia  fiictor  by  enclosing  a  coil  of  iiiteatine 
in  a  n/^d  tube  which  waaso  arranged  that  the  coil^  whilst  filling 
the  tube,  retained  its  normal  blood  flupply.  The  coil  was  tilled 
with  '9  per  cent.  NaCI  aolulion  and  connected  with  a  reaervoir  of 
the  samtj  fluid.  The  maiimfll  intra -intestinal  pressure  used  cMiPre- 
sponded  to  about  10  mm,  Hg,  and  he  found  that  up  %o  that 
point  the  rate  of  absorption  varied  directly  with  the  pressure. 
In  other  experimenta  the  intra -intestinal  pressure  ivaa  raised  by 
blowing  air  into  a  closed  abdominal  cavity ;  the  maximal  pressure 
uaed  was  about  Q  mm-  Hg,  and  the  reanlt  on  absorption  wa« 
the  same  aa  before.  In  yot  another  acrica  of  experiments  he 
investigated  the  effect  on  abacrption  of  reducing  the  iotra- 
inteatinal  pressure  to  zero.  For  this  purpose  b^  sucked  the  gas 
out  of  a  coiK  and,  in  order  to  prevent  the  coil  from  collapsing, 
he  introduced  into  it  a  cage  made  of  alumimiim  wire.  He  found 
that  no  absorption  of  '9  per  cent.  NaCl  eolntion  took  place  when 
the  pressure  was  zero  or  negative,  but  that  ii  the  intra -inteatinal 
pressure  were  raided  to  as  little  as  04  mm.  Hg.  absorption 
began  and  increased  with  the  pressure  up  to  17  nun.  Hg.,  the 
maximal  pressure  used-  If  these  e^cpcriments  were  true  and 
contained  no  fallacy,  they  would  militate  greatly  against  Ham^ 
burger^s  own  view.  For,  when  the  pressure  was  zero  and  no  abaorp- 
tion  took  place.  Imbibition  and  aspiration  by  the  capillary  blood 
flow  could  still  occur ;  and  yet  not  a  drop  of  fluid  was  absorbed- 
Further,  osmosis  and  diffusion  could  still  take  pbc«,  for  it  is 
well  known  that  if  a  9  per  cent.  NaCl  solution  is  separated  from 
aenim  by  &  membrane  permeable  to  NaCl  and  water,  sucli  as  he 
supposes  the  gat  to  be.  absorption  readily  takes  place.  The 
fallacy  of  the    experimsnta  with  reduced  preoaure  would  appear 
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to  be  that,  when  the  prcaaure  wu  zero  or  ncgativci  the  muci>ufl 
membrane  would  be  pressed  against  the  cngc  and  absorption 
stopped  by  interference  with  the  circulation,  and  that  when  the 
mucous  membrane  waa  lifted  off  the  cage  by  the  slightest  positive 
preeeure,  absorptioa  began  again.  The  intestines  during  life 
undoubtedlj  contain  a  positive  pressure,  but  for  fiJtration  tc  be 
possible,  the  intra- intestinal  pressure  would  have  to  be  greater 
than  that  in  the  venous  end  of  a  capillary.  It  ia,  therelore, 
necessary  to  inquire  how  great  theae  two  preasures  are.  Ham- 
burger corjsideced  that  intra-inteatinal  pieaaure  was  duo  to  three 
causes — respiratory  movements,  pcriatalsie,  flnd  gravity.  During 
inapiration  the  diaphragm  is  thruflt  down  into  the  abdomen  and 
will  exert  pressure  upon  the  abdominai  viscera.  He  measured 
the  re^Euratory  riae  in  inbra-inteatinai  pressure,  and  the  highest 
value  obtained  waa  about  8  mm,  Hg.  During  the  periatalhis  of 
one  coil  pressure  will  be  exerted  upon  neighbotmng  coils,  and 
gravity  could  affect  intra -intestinal  pressure  by  the  weight  of  coils 
preasiQg  on  each  other  and  by  acting  also  upoji  the  contents  of 
the  individual  coils.  In  order  to  eliminate  these  three  forces, 
Hamburger  introduced  an  aluminium  cage  into  one  coil,  and 
tound  that  the  absorption  from  it  wa3  still  considerable,  although 
leas  than  from  a  neighbouring  coiL  This  experiment  would 
appear  bo  abow  that  intra-intealinal  pressure  is  not  really  of 
great  importance  to  absorption,  and  the  result  obtained  le  in 
marked  contrast  to  tboeo  of  Hamburger's  previous  esporimtnts, 
in  which  the  importance  of  filtration  wng  insisted  on.  Hamburger 
never  meaaured  simultaneously  the  fluid  pressure  in  the  gut  and 
the  blood  pressure  in  the  mesenteric  vein,  and  baa  consequently 
brought  forward  no  real  evidencei  that  filtration  couki  ever  take 
place.  Heid,  hcwever,  has  determined  these  pressures  simultane- 
ously, and  fourd  that  during  absorption  the  pressure  in  the 
niescTiterb  vein  may  l>e  four  times  greater  than  the,  fluid  pressure 
in  the  gat.  We  may  therefore  conclude  that  absoq^tion  may 
take  place  when  filtration  is  impossible,  and  that  no  one  haa  yet 
brought  forward  evidence  to  show  that  the  intra-Intectinal  pres- 
sure 19  ever  suiSoiently  great  to  make  filtration  possible.  But  we 
cannot  conclude  that  the  iutra-intestina^Fcssure  haa  no  InAnence  on 
the  rate  of  absorption.  Both  Loubuschcr  and  Edkins  have  found, 
like  Hamburger,  that  a  pressure  of  about  8  mm.  He;  is  the 
optimum ;  above  that,  absarption  falls  off  and  the  outflow  from 


6Sfl 


THE   MECHANISM  OF  ABSORPTION 


the  mesenteric  vein  decreases,  wliicii  suggests  th&t  ft  reduction 
of  circulation  is  the  cauae  of  tlie  d^re-a^ci  rate  of  absorption ; 
aIao  below  S  mm.  Hg  absoqition  dccreasea.  possibly  because  the 
gut  la  less  unfolded  and  the  abeorbmg  surface  diminiabed. 

In  order  to  prove  that  abaorption  was  a  pTir<>lv  physical 
process,  Hamburger  carried  out  experiments  on  amiuala  which 
bad  been  dead  for  varying  periods  up  to  twenty-five  honrs.  The 
rate  of  absorption  could  not  be  expected  in  the  absence  of  a 
circulation  to  be  as  great  as  during  life,  and  if  the  difierencc 
were  in  degree  only,  such  experiments  might  be  held  to  ohow 
that  physical  process  play  a  correspondingly  important  part^ 
If,  however,  the  absorption  after  death  were  found  to  differ  in 
kind  also,  then  the  experimeDta  would  prove  nothing,  but  might 
be  held  to  indicate  that  vital  activity  of  cells  waa  cesential  to 
normal  absorpti^m.  Hamburger  obtained  results  which  appeared 
to  show  that  jto^-mortem  absorption  differed  only  in  degree 
from  absorption  during  lifc^  He  found  that  1'5  per  cent.  Nad 
eolution  waa  absorbed  at  a  rate  of  about  '15  oo.  per  cm*  of 
gut  per  hour,  which  is  less  than  a  tenth  of  the  rate  of  absorption 
during  Ufp ;  further,  whilst  in  the  living  animal  the  osmotia 
preaaure  of  the  fiolution  in  the  gut  becomes  nearly  isotoiuc  with 
the  blood  serum  In' twentr-five  minutes,  after  death  the  osniotio 
pressure  of  the  solution  bad  fallen  only  to  that  of  a  \-'.i  per  cent. 
NaCl  solution  in  two  hourt.  With  blood  serum  in  the  gut  the 
actual  rate  of  absorption  was  even  less,  and  oorrt^s]  Rinded  to 
about  a  filth  o£  th&  absorption  In  a  living  animal  Hamburger 
concluded  that  absorption  in  a  dead  animal  differed,  in  degree 
only  from  that  in  a  living  animal,  and  took  place  presumably 
by  imbibition  and  filtration  in  the  case  of  Henira,  and  by  di0usion 
and  nsinoBis  as  well  in  the  case  of  anisotoiiic  salt  solutiona, 
Cohnheim.  from  bis  eJcperiments,  came  to  a  very  different  con- 
clusion, and  beheves  that  there  U  a  real  difforenoe  in  kind 
between  absorption  by  living  and  by  dead  or  damaged  epithelium. 
He  studied  the  absorption  of  dextrose  solutions,  and  at  the  end 
of  the  experiment  estimated  the  dexrtrose  and  NaCl  in  the 
unnbsorbed  fluid.  He  found  that  with  a  normal  intestine  not 
more  than  about  2  per  cent-  XaCl  was  to  be  lound  in  thia  fluid 
at  the  end  of  an  experiment  lasting  two  houra,  He  conaidered 
that  thU  Nafl  was  due,  not  to  diffuaion  from  the  blood,  but  to 
a  secretion  of  succua  entcriciis  having  taken  place,  and  aa  Na^CO^ 
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Appc&Ted  in  tlie  fluid  at  the  same  time,  this  ,ifl  probably  true* 
On  the  other  band,  when  the  epithelium  waa  damaged  hy  using 
Btrong  deittroae  solutions  (15  per  cent.),  or  Holutionn  heated  t-o 
90'  C,  or  hy  additioua  of  NaF  or  Uquor  arstniuahH,  thia  power 
of  the  epithelium  to  keep  back  th&  blood  NaCI  vaa  loab,  and 
the  fluid  in  the  gut  might  contain  more  than  "ti  per  cent-  NaCI 
within  twentj^'five  minutes.  From  this  he  corciuded  that  the 
normal  living  epithBlium  poaaeaseaan  almost  complelely  one-sided 
permeabihtj  foi  NaCI  of  such  a  luitare  that  the  epitUehum 
is  readily  permeable  from  the  gut  towards  the  blood,  bat 
impermeable  Id  the  opposite  direction.  He  repeated  Hamburger's 
exp*?rimeQt.4  on  dead  anixiiHlfl,  using  dextrose  solutions,  and  found 
the  same  alight  absorption  that  Hamburger  did;  be  also  fomid 
that  the  NaCI  in  the  solution  at  the  end  of  the  esporiment  waa 
mider  "2  per  cent.,  in  fact  was  not  above  that  found  in  esptrri- 
ments  with  living  gut.  He  explained  this  reault  aa  being  due, 
not  to  the  epithelium  retaining  after  death  its  one-sided 
parmcabihty,  but  to  there  being  no  circulation,  and  consequently 
no  renewal  of  NaCI  to  djfiuae  into  the  gut.  In  order  to  prove 
this  point  he  repeated  the  experiments  with  an  aiti&cial  citcu- 
lation  of  "9  per  cent-  NaCI  carried  on  through  the  meseuterie 
veaai*ls.  He  then  obtained  a  very  different  reault ;  the  [leri^entage 
of  NaCI  in  the  fluid  remaining  in  the  gut  waa  about  '7  per  cent, 
BO  absorption  took  place,  and  the  osmotic  pressure  of  the 
aohition  introduced  into  the  gut  nlways  rose,  and  did  not  tend 
to  approxiroate  to  that  of  ih**  senini,  aa  Hamburger  found, 
Cohnheim,  in  rcHporifk:  to  Hubcr'a  critjcisnia,  haa  confessed  that 
these  experiments  on  dead  animals  with  an  artificial  circulatiou 
are  unsfttisfftctoiy,  because  the  circulation  was  carried  on  too 
long  and  at  too  high  a  pressure^  con^quently  the  epithelium 
may  have  been  much  altered^  wat<er' logged,  and  unable  to  absorb- 
Uober  has  repeated  Hamburger's  experiments  on  dead  animala. 
using  dextrose  solutions.  He  was  able  to  verify  Hamburger's 
itisultB,  but  not  those  of  Oohnheim,  and  he  came  to  the  eon- 
clusron  that  absorption  in  a  dead  intestine  differs  from  that  in 
a  living  one  quantitatively  hut  not  quahtatively-  Nevertheless, 
Cohiiheim's  experiments  prove  th%t  the  normal  e  pit  he  hum 
possesses  a  one-sided  permeability,  and  '  i^  confirn^ed 

hy  Reid,    We  may  therefore  aav  Iosm 

this  property  in  tha  gdutm 
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a  normal  condition.  But  Cobrheim's  experiments  do  not  prnvv. 
Bnd  we  do  not  know,  that  this  property  is  pecnlt&r  to  th«  living 
epithelium,  and  that  poisonous  BoljtLood  would  not  prodaoe  jwt 
tile  a&me  loss  of  it  in  &  dead  epitlielinm. 

It  ia  neresaaiy  to  discuss  briefly  the  eiplanatioti  and  ^gnifi- 
cance  of  thia  remarkable  one-Mded  permeabjlliy  to  NaCl.  Ham^ 
borger  and  Hobei  consider  tliat  it  has  a  physical  basia,  and 
Cohnheini  that  it  depends  upon  B  vital  activity  of  the  cell*. 
Conadering  our  complete  ignorance  of  tffhat  the  peniieability  of 
any  membrane  to  a  flulution  mea-na,  it  is  obvious  that  it  t3  no 
more  an  explanation  to  say  that  it  ia  due  to  a  vital  activity  of 
tbe  cell  than  it  %rould  be  to  explain  it  aa  a  physic-al  pe^uliamj 
ol  the  celt.  With  regard  to  the  aigmficancc  of  the  phenomenon, 
It  is  nnfortnnate  that  the  evidence  should  be  conflicting  as  to 
whether  it  is  confined  to  the  living  or  ia  equally  shared  by  deaid 
epltheUom;  for,  if  it  were  confined  to  the  living  epithelijun,  we 
ahoiild  ascribe  it  to  vital  actn-ity.  But  it  must  be  remem- 
bered that  even  if  it  ia  conned  to  the  living  opithelium, 
it  ia  not  a  £ual  proof  that  it  ia  due  to  an  active  thrusting  back 
of  NaCl  in  one  direction.  Nor  doea  the  fact  that  various  ions 
and  drugs  can  annul  the  property  prove  that  they  do  so  by 
inhibiting  a  vital  activity  and  not  by  causing  a  phyeical  altera- 
tion in  the  ceil.  To  say^  as  Cohaheim  did,  that  only  living 
organised  material  can  be  poisoned,  ia  in  the  present  atate  of 
our  knowledge  untrue ;  for  we  have  seen  that  the  properties  of 
dead  matcriab  can  be  altered  by  chemical  agents.  The  fact 
that  the  decorapoBJtion  of  hydrogen  peroiide  by  platinum  black, 
and  the  activity  of  digestive  ferments  can  be  inhibited  and 
atimuiated  by  various  ions»  would,  according  to  Cohnheim's  line 
of  Etrgument.  indicate  that  platinum  black  and  these  ferments 
must  poaaeaa  vital  activity*  It  is  true  that  we  know  of  no 
physical  membrane  with  aueh  a  one-aded  permeability,  but 
that  does  not  prove  that  a  cell  could  not  have  such  a  physical 
conatitution  ae  to  allow  of  auch  a  property  being  exhibited. 
Inatances  oE  other  tisauei  with  aimilar  oQc-flided  permeabilitiea 
are  known,  Reid  has  shown  that  the  permeability  to  fluid  of 
the  living  frog's  sldn  is  greater  from  without  inwards  than  in 
the  reverse  direction  ~  and  that  when  the  skin  is  dead  tbe  per- 
meability does  not  become  equal  in  the  t;vo  directJons,  but 
is  DOW  greater  liom  withm  outwards.     Hill  and  Ridewood  have 
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ehown  that  the  lung  of  a  frog  is  much  more  permeabJe  to  COj 
in  the  direction  from  pleura  to  bronchua,  ftiij  that  when  the 
lung  ia  kjLed  an  escesave  petnieahilitj  atill  eiisbi  in  the  iminiB 
direction,  Theao  erperimonts.  if  true,  certoioly  Buggeat  that  a 
one-sided  permeability  in  animal  tissuea  may  have  a  phvflica] 
or  chemical  basifl. 

Hobers  Erperimenis. — Hambuiger'a  work  ia  QOt  the  sole  evi- 
dence that  physical  proccasca  may  play  an  importaut  part  iji 
intestinal  absorption.  Hohcr  compared  the  rates  of  ab3t>rption 
oi  a  large  variety  of  salta  by  Heidenhain'a  method.  For  thia 
purpoae  a.  known  quantity  of  the  snlutlon  h  placed  into  an 
lEiteatinal  loop  of  known  length  and  hgatur&i  at  its  two  en<3fl, 
the  loop  i&  put  back  into  the  abdomen  for  a  given  time,  and 
&t  the  end  of  the  experiment  the  quantity  of  ^uid  in  the  ^t 
ia  measured-  The  A  of  thp  semm  bpfore  the  experiment,  of 
the  original  solution  and  of  the  fluid  In  the  giit  at  the  end  of 
the  experiment  ia  taken.  He  found,  like  previous  obnervers, 
that  iaotonio  aa  well  aa  aniaotonic  eolutions  were  absorbed,  and 
that  aniaotonic  Bolutiona  during  absorption  became  more  or  leas 
isotonic  with  the  animara  blood  aerum.  In  thia  way  he  inves- 
tigated the  absorption  of  many  cations  and  of  but  few  anions, 
'^N'alkcc  and  Cushny  cbserred  by  aimtlar  methods  the  abaarpti<m 
^  of  a  great  variety  of  aniona  and  of  but  few  cationa.  Their  rcaulta 
^k  vere  identical  ^th  those  of  Hober  when  they  overlapped,  ao  that  I 

r        the  results  of  both  seri^sa  of  expenmenta  may  be  given  together.  I 

They  show   that    both   cations   and   aniona   difTer   enormously  in  1 

their  rates  of  absorption.  The  various  anions  can  be  divided 
into  four  groups  with  decreasing  rates  of  absorption — (1)  chloride, 
bromide,  and  iodide;  (2)  nitrate,  salicylate,  &c.\  (3)  sulphate, 
phofiphate,  tartrate,  citrate^  &c.:  and  (4)  lluoride  and  oicalate. 
The  niembera  of  this  last  group  injure  the  gut  very  materially. 
The  cationa  may  be  similarly  divided  into  four  groups — (I)  KHg, 
together  with  urea;  (2)  K,  Na.  Li;  (3)  Caj  and  (4)  Mg, 

The  cauae  of  theae  great  differences  in  absorption  rate  might 
be  vital  or  physical  Heidenhain  had  sijgge.^ted  that  the  different 
ratea  of  absorption  of  isotonic  NaCl  and  MgSOt  solutions  was  due 
to  the  latter  doptessing  the  vital  activity  of  the  intestinal 
epithelium  by  which  the  cetls  transported  solutions  from  the  gut 
towanU  thf?  blood -ve^Si-lH.  Surh  li.  vital  explanation,  however* 
can  be  arrived  at  only  by  eJicluding  every  poa^hle  pbjr* 
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Of  the  f&ctors  Involved  in  Hamburger^s  SL^lieine  of  abttorptJon,  de 
only  one?  which  could  be  inriucnoed  by  change  in  the  »>hitkA 
to  be  absorbed  would  be  either  molouular  imbibition  or  ditfii^ioo 
depending  on  dilTererices  in  diAiision  velodty  or  in  the  peTmfr' 
ability  of  the  uells  to  the  substftnce  in  sohitioiL  Molecular  iro* 
bibitiou  ia  inlluL^nc^d  by  ^ts ;  for  Uclmeister  found  ih^ 
gclatiue  plates  absorbed  ]esa  water  when  aoaked  in  a  ffolphatet 
tartrate,  or  eitrale  than  in  a  chloride,  bromide,  or  nitrate.  But 
oonaidoring  the  uncertainty  how  far  living  d^ues  show  moLecuUi 
imhibitiou  at  all,  much  atreaa  cannot  be  laid  oo  HofmeiAter^i 
obaerration.  He  also  showed  that  the  same  divi^on  of  anions  in- 
dicated the  relative  powar  of  dilTercnt  salts  to  pRK;ipitate  e@ 
albuniin  or  gelatine;  and  in  this  way  there  might  exist  50me 
general  ralation  between  the  power  of  ealtd  to  precipitate  colloid* 
and  to  pass  into  living  oells-  But  thie  is  not  the  caae.  For 
Leathea  and  Stirling  found  that  tbe  pleural  endothelimu  absorb 
fiolutiooa  of  MgSOi  ot  Na-jSO^  juat  aa  rapidly  as  those  of  !NaCl; 
and  we  have  ali^eady  seen  that  the  relative  permeability  of  red 
blood'corpnacle^  to  salts  h  not  the  same  aa  the  relative  ratu 
at  which  the  sanie  ioas  are  absorbed  from  the  intestine, 

Hober  has  put  forward  an  explanation  founded  on  the  ob- 
ecrvation  that  with  few  exception*  a  parallelism  exists  between 
the  diffusion  velocity  of  a  crystalloid  and  ita  rate  of  abacrptiOD 
from  the  gut.  From  this  it  would  follow  that  the  epltbeliiuD 
actod  like  an  indilFerenb  membrane ;  bat  the  exceptiona  to  the 
rule  are  euffident  to  show  that  this  cannot  be  the  caae«  The 
more  important  eTceptiona  are^  in  the  firat  place,  dextrose,  CAiie- 
BUgar,  galactose,  and  ureft>  which  are  ab3orl>ed  more  rapidly  than 
corresponds  bo  their  difTusion  velocities.  In  the  case  of  tbe 
sugar,  the  certainty  that  ferment  action  takes  place  duiLng  ab- 
Borptton  introduces  an  unknown  iactor  which  may  or  niay  uot 
explain  the  disoreparcy.  Hober  gave  an  eiplanation  for  uiea 
which  will  be  refcrreil  to  later.  The  second  important  group  is 
formed  by  chlorides,  bromides,  and  iodides,  which  Lave  practically 
the  same  diSuaion  vclociticBT  aod  yet  show  decreasing  rates  of 
absorption  in  the  order  named.  Finally,  there  came  the  fluorides 
and  o>;alates,  and  salts  of  arsenie  and  qmuiiie,  all  of  which 
damage  the  epithelinm«  and  are  abeoTbed  more  slowly  than  would 
be  eipcctcd  from  their  diffusion  velocities. 

Wallace  and  Caslmy    made    a   diSerent    sugguation,  namely. 
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it  tbs  permeability  of  the  intestina]  epithelium  to  varianjg 
lioiia  was  rel&ted  to  the  solubilitj  of  their  calciiim  saltA^  They 
ilieved  that  the  precipitation  of  an  msoluble  calcium  &alt  in 
\Q  cpithGliiun  would  retard  absorption.  The  main  evideaoo 
linst  the  view  ia  the  fact  poiated  out  by  them,  that  the  rehition 
stweeri  solubility  of  the  calfiuin  salt  of  an  enion  and  its  ab- 
ition  rate  is  not  absolute'  The  same  view  has  been  pub 
forward  to  account  for  the  power  of  many  aoSts  with  a  V^^y- 
valent  anion,  like  citrate  and  oxalate,  to  stimulate  nerve  and 
muscle.  It  ia  supposed  that  these  snlfa  act,  not  by  means  of 
the  many  negative  changea  which  they  possess,  but  by  precipi- 
tating the  calcium  in  the  tiasuea*  and  so  neutrahaing  the  depreaaiiig 
action  of  the  calcium  salts.  Although  there  eidats  a  general 
patalielbm  between  the  stimulating  power  of  anions  and  the 
insolubility  of  their  calcium  compounda,  there  are  too  many  ex- 
ceptiona  to  make  it  likely  that  the  one  property  ia  tha  cause  of 
the  other.  Wc  have  seen  that  the  atimnlating  power  of  an 
anion  is  determined  by  its  solution  teriaion,  and  it  is  probable 
that  the  aame  factor  helpa  to  det«mine  its  power  of  precipitating 
calcium.  These  conwde ratio ]ia  point  tn  the  idea  that  the  rat* 
of  absorption  of  diSerent  anions  might  be  related  to  their  ionic 
potential.  Our  knowledge  of  the  solution  tenaion  of  auiona  ia 
very  imperfect;  but  to  aomo  extent  their  rate  of  absorption  is 
related  to  their  solution  tension  in  such  a  way  that  anjcivis  with 
the  lowest  solution  tensions,  which  are  therefore  the  moat 
physiologically  active  or  toxic,  are  the  least  rapidly  absorbed. 
In  the  eoas  of  cations  the  relation  between  rate  of  abaorptioii 
and  solution  tension  ia  much  closer^  The  relatioii  is  such  that 
cations  with  the  highest  solution  tension,  which  are  conserjuently 
least  depreaaantr  are  the  most  rapidly  absorbed^  Such  facta 
suggest  that  the  (actor  which  detcroiines  the  rate  at  which  a 
salt  is  absorbed,  is  the  sum  of  the  physiological  actions  of  ita 
ions.  Until  ve  understand  more  of  ionio  action  upon  biopUam 
generally  it  is  idle  to  speculate  upon  the  nature  of  the  action  of 
ions  upon  the  properties  of  the  intestinal  epithelium.  And  v« 
are  not  in  a  portion  at  the  present  moment  to  aay  wheth 
rate  of  absorption  of  an  eleotrolytd  is  det^rmiced  by 
or  not. 

From  what  baa  been  said  it  is  clear  tliat  the 
a  salt  might  be  due  to  ita  anion  alono,  e.g.  t 
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phosphate,  or  citrate ;  cr  to  ita  cation  alone,  cj.  magnesium  oxjiIq; 
or  to  both  its  anion  and  cation,  eg.  mapneaiom  sulphate.  Surfi 
slowly  absorbed  aailH  conatilule  Ihe  aalme  purgatives  whicti  ara 
of  importance  in  medicine  and  deserve  consideration  here. 

Ths  Action  of  Saline  Purgotiv&i- — We  have  seen  tliat  BoludoDs 
of   some  salts  Appear  to  be  absorbed   more  slowly  than  otbeis. 
and  that  this  [^ondu^on  is  based  chieHy  on  tho  fact  tb&t  at  t^ 
end  of  the  eiperiment  mora   of  a  fluid  isotonic  with   the    Benim 
is    foimd    in    the   gut   in    some    caaes    than    in    others.       Huber, 
Wallace,  and  Cushny  have  satisfied  themaelvea  by  analyaja  that 
in  ca^es  of    slow  absorption  less   of    the  salt  has  actu^^'  bcca 
absorbed,  and    they  have  assumed  thai;   all   the    fluid  remaiiuiig 
in    the  gut  is  a  solution  of    the  corresponding  unabsorbed  «Ut. 
The  question  whether  this  is  true   or  not  ia  a  point   of   some 
importance ;    for  the  alowly  absorbed  salts  constitute   the    ^reat 
class  of    saline   purgatives,  and  the  answer    to   the  question  in- 
volvt^s  the  explanation  of    their  mode  of    action.      Wallace    ftnd 
Cushny  belieTC  that    these  salts  produce   a  watery  conditiori    of 
the   ftoces  because   they  are  abaorbed  with  difficulty,  and   tliere- 
fore  keep   back  with  them   in  the  gut  enough  water  to   make 
their  solution  isotonic  with  the  senim.      There  b  no  doubt  that 
their  purgative  action  can  be  altogether  independent  of  osmosis; 
for   they  still   act    as   purgatives  when  placed    in    the    gut    a« 
solutions    iflotonic   with    the    Beciim.      In    order  to    prove     this 
Wallace  and  Cushny  introduced  into  the  stomach  isotonic  aolti- 
tions  oE  varioua  salines,  and   measured   the   fluid  obtained   within 
an  hour  from  an  opening  into  the  caocum.     When  100  c.c-  of  a 
NaCl  solution   was    introduced   into  the  stomach  no    fluid    woa 
obtained    from    the   flstuU,  but   with  the  eame    quantity  of    a 
solution  of  sodium  sulphate  or  citrate  in  the  stomach  75  c,c.  ^rore 
obtained  from  the  fistula.    From  this  they  concluded  that  whilst 
all  the  NaCl  was  absorbed,  75  per  cent,  of  the  purgative  solu- 
tions was  not.     This  conclu^on  is  not  now  justified  in  the  light 
of    MacCalium*9  experimf;nt«.      He    found    that    much    more    of 
the  saline  purgative  had    to  be  administered,  and  that  it  took 
longer  to  act  when  given  by  the  mouth  than  when  givea  anb- 
cutiLnccualy,  and    that    their   intravenons    injection    required   a 
still  smaller  dose  and  acted  much  more  rapidly.     These  reaultft 
suggested  that  the  salts  can  act  after  absorption ;   and  he  proved 
tliat    thiti  was  so  by  showing  that  these   solations  set  ap  local 
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perLatalaia  of  the  gut  mthin  a  minute  of  bemg  painted  on  Ita 
peritoneal  eurface^  He  foimd  that  Ca  BGlts  applied  locally  would 
prevent  the  perifltalais,  just  as  Loeb  had  found  tliat  Co  salts  can 
Btop  contact  irritability  ai  muscle  and  the  hyper-aensitiveneaa 
of  the  nervooa  s^Htem  induced  by  various  sahs^  MocCallLim 
allowed  further  that  heaidea  inducing  periatalais  these  purgatives 
inay  increase  the  normal  secretion  of  the  inteatmal  glands  ten- 
fold, and  that  this  efiect  as  well  oa  the  normal  eeeretion  may  ba 
inhibited  by  Ca  salts  We  may  therefore  conclude  that  solu- 
tioDfi  of  the  saline  pur^tives  aro  aloWly  ftbaorbed^  but  that  the 
portion  which  is  absorbed  rapidly  leads  to  an  increased  accrotioa 
of  fluid  from  the  intestinal  glanda,  and  that  consequently  the 
quantity  of  fluid  obtained  from  the  gut  at  the  end  of  an  ex- 
periment b  not  an  accurate  nieasure  of  how  much  of  the  original 
BoJution  reinaina  imabaorbed,  MacOallum  has  also  shown  that 
when  large  quantities  of  NaCl  solution  isotonic  with  the  plasma 
are  iujeeted  intravenoualy,  there  is  a  rapid  secretion  into  the 
intestine  of  fluid  containing  "25  jier  cent,  dextrose.  When  we 
recollect  Coleitbeim^a  e^cperimeots  on  the  absorption  of  dextrose 
with  an  artificial  circulation  oE  NaCl  solution.  MacCalliim's  reaulta 
cmpliosLse  the  imprcBsioii  that  in  the  present  state  of  our  know- 
ledge solutions  of  electrolytes  are  unsuitable  for  investigating 
the^mechatiism  of  intestinal  absorption. 

The  Path  of  Ahsot^ion- — It  haa  frequently  been  assumed  that 
all  material  is  absorbed  through  the  opithehal  cells.  But  the 
epithelial  layer  oonsists  of  cament  aubatance  es  well  ae  eulla;  it 
is  therefore  possible  that  material  might  pass  through  the  cement 
Bubatanco  by  a  physical  procesa.  and  that  sut;h  tnnterial  as 
passed,  through  the  cetls  might  be  transported  bj  their  vital 
activity-  Our  knowleilge  of  the  actual  path  taken  by  different 
substances  is  e^ctremely  meagre.  We  know  that  the  product* 
of  fat  digestion  pass  \ht^  the  epithelial  cells,  hut  we  know 
nothing  of  the  path  taken  by  the  products  of  pioteid  and  carbo- 
hydrate digestion,  Hoidonhain  placed  solutions  of  methylene- 
blue  in  the  intestine,  and  found  two  hoLira  later  the  dye  both 
within  and  between  the  cells-  From  this  he  concluded  that 
water  can  be  absorbed  by  both  mutes.  MacCallum  has  definitely 
shown  that  iron  salte  can  pa^  into  the  epithelial  cella.  Ha 
does  not  difiouos  the  possibility  of  their  passing  between  the  eel 

well ;   but,  from  the  fact  that  be  sometimes    found  none 
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the  cella  and  large  quantitiea  iri  the  subepitlieUa!  layer^  it  seenu 
possible  that  such  may  be  the  case.  Hober  extended  MacCallimi'^ 
research  and  failed  to  demonstrate  the  salta  of  the  other  heav^ 
metaU,  Hg,  Pb,  Cu,  Ac ,  within  the  cells  by  micro-ohemical  tota, 
although  they  are  Viiown  to  be  ahaorbeil.  He  treated  aectioDS  of 
epithelium  which  had  absorbed  NaCl  or  MgSO^  with  alcoholic 
AgNOj  and  BaCl,  aolutions  respectively ;  but  the  resnltd  wer«  in- 
condufiive  as  to  whether  or  not  any  of  the  salts  had  passed  ioto 
the  cells.  He  tlemonBtraied  within  the  celb  pertain  baave  dyea^ 
such.  &&  meth^dene^blue,  which  are  known  to  produce  intra- 
vital staining  of  cella^  but  others  which  have  not  this  propeitv 
were  found  oTdy  intercellularly.  In  order  to  explain  the  path 
tnken  by  different  substances  Hober  adopted  Overton's  theory  of 
tlie  chemical  permeabilif.y  of  the  superficial  layer  of  cell  proto- 
plasm. According  to  tbia  theory  only  such  suhstancea  can  paw 
through  this  layer  as  are  aolubb  in  misturoa  of  choleaterin,  lecithin, 
cerebria,  protagcn,  kc. — Overton'a  lipoids.  Such  substances  ar© 
water,  alcohol,  some  baaic  dyes,  urea,  ammonium  salts,  and  the 
products  of  fat  digeation.  On  the  other  hand,  moat  salts  and 
carbohydratea  are  inaoluble  in  hpoids,  Hober  therefore  explained 
that  urea  was  absorbed  at  a  rate  greats  than  correaponded  to 
its  diffuHiou  velocity,  because,  uniike  most  salts,  it  could  I* 
absorbed  by  the  cells  aa  well  as  by  the  cement  aubstance.  The 
difficulties  of  this  view  are  obvious.  For  instance,  inorganic  iron 
salts  arc  not  soluble  in  lipoids  and  yet  are  absorbed  intracellularly. 
But  the  greatest  difficulty  of  all  is  the  one-sided  permeabilitv  of 
the  intestine  to  NaCI.  11  this  salt  passes  only  Ly  an  intercellular 
path,  then  we  have  to  believe  that  the  apparently  structurelesa 
and  dead  cement  eubetance  is  of  such  a  natnie  that  it  allows  nor* 
maily  tbe  passage  of  NaCl  in  only  one  direction.  Such  a  mechanism 
may  of  course  exist,  but  we  have  no  knowledge  of  a  phy-gical 
membrane  with  such  a  one-sided  penneability-  Although  aoai« 
flubatoncea  moy  be  absorbed  througb  th«  intercellular  ceineiit. 
Hiiber's  view  cannot  be  held  to  explain  satisfactorily  the  different 
absorption  rates  of  various  substances^  Arid  it  is  better  in  the 
present  state  of  our  knowledge  and  for  the  sake  of  simplicity  to 
consider  that  the  main  path  of  absorption  of  all  aubstancea  is 
througb  the  cells. 

We   must  now    deal    with  the   experimenta  which   have  be^n 
oonsiderwl   to  be  ioexphcable  by   phyacal   prtKieases,   ami    which 
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"therefore  ahow  that  the  vital  ftctlvity  of  the  epithelial  ceik 
^cntrola  absorption. 

*  Hfuh'jihtiiiis  Ej^jterimpTits  are  of  importance  in  the  history  of 
^Tnteatinal  abaorption,  because  they  were  the  first  espetimcnta  oo 
^the  subject  performed  after  a  knowledge  of  osmotic  phenomena 
•^had  beguQ  to  be  applied  to  physiology.  Hia  method  of  ej:pen- 
Cmenting  has  already  been  described.  His  discovery  that  water 
L  ^ras  absorbed  more  slowly  from  a  MgSOj  aolution  than  from 
h  a  solution  of  NaCI  of  equal  concentration  ^  and  hia  cxpIaDation 

*  of  the  fact,  have  been  already  mentioned.  Ho  knew  by  analyses 
fc  that  the  MgSO^  wag  leaa  rapidly  absorbed  ;  therefore  it  would  be 
V  expecteJ  dq  physical  grounds  that  leas  water  would  be  absorbed 
f  from  the  MgSO,  aolutioc.  Ie  most  of  his  experiments  he  used 
\  fiolutione  of  NaCl,  and  tbe  two  other  results  wliieli  he  considered 
)  were  inexplicable  by  osmosis  and  diffusion  were  the  following — 
,  (1)  When  a  hypertonic  NaCl  solution  (1'5  per  cent.)  wsa  placed 
f    in  the  gut,  no  prelinainary  attraction  of  wat^r  into  tbe  intestine 

;  took  place,  hut  both  wat-er  and  salt  began  to  be  nbsorhed  at 
i  once.  He  considered  that  the  salt  absorption  was  due  to  di&u- 
aion  owing  to  the  partial  pressure  of  NaCi  being  greater  in  the 
«olutioii  than  in  the  blood  (05  per  cent.),  but  th&t  the  sJmul- 
taneoufl  absorption  of  water  could  not  be  due  to  oamostfi.  (2} 
When  a  hypotonic  solution  ('3  to  "5  per  cent.),  having  a  less 
partial  J  pressure  of  NaCl  than  the  blood,  was  introduced,  not  only 
water  but  salt  also  was  absorbed-  He  ac^^ounted  for  the  water 
absorption  by  osmosis,  bjb  he  considered  that  the  absorption  of 
salt  must  be  physiological ;  and  in  order  to  demonstrate  thie 
physiological  factor  he  added  NaF  to  his  Bolntiona  and  found  that 
absorption  was  then  interfered  with.  Heidenhain,  however,  in 
thie  explanation  overlooked  two  im|wrtant  facta,  Tu  tbe  fimt 
place,  if  blood  serum  is  separated  from  a  solution  of  NaCl  botonic 
with  it  by  a  dead  animal  membrane^  which  ia  permeable  to  NaCl 
in  both  directions,  the  water  of  the  solution  does  pass  into  the 
serum  and  the  solution  JH  absorbed.  Starling  has  demonstrated 
beyond  doubt  that  the  living  blood  capillaries  can  absorb  an 
isotonic  aalt  solution,  and  a  ph^r^ical  erplanation  of  the  fact  haa 
been  given,  namely,  that  aenim  contains  subfltances  pofisesaing  an 
osmotic  pressure  to  which  the  membrane  Is  impermeable.  In  the 
second  place,  Heidenhain  was  unaware  of  tbe  fact  subsequently 
discovered  by  Cchnheim,  that  the  normal  gut  possesses  a  one-sided 
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peimeability  to  NaCl,  and  wotild  therefore  h&  in  a  pecuJiarly  good 
position  to  Dbaotb  aolutions  of  this  autatance  m  anjr  coDceotn^ 
tioQ  by  diffusion  and  o»moaU.  And  the  action  of  NaF  in  sIio«^ 
ing  absorption  could  bo  readily  ercplained  by  its  deatroying  ibtf 
one-flided  permeability. 

Cohnhe\m'9  Sxpertmefiti- — Besidea  the  experiments  already  i*- 
ferrod  to,  Cohnheim  made  a  conaiderable  study  of  the  eSect  erf 
Y&rioufi  poifloos  upon  the  absorption  of  d^xtroae  Bolutton&  He 
foLUid  that  anisotonic  &olutions  beeame,  during  abaorptioa  in  « 
normal  gut,  isotonic  solutions  of  dextrose,  either  by  the  absofp- 
tion  of  sugar  or  water,  as  the  rase  might  lie ;  and  be  conndersd 
that  this  cctnveraion  of  ao  anisotoiiic  tuto  an  iaotonic  deitro» 
eclution  waa  due  to  diffusion  and  oamoaia.  Wlea,  boweveri  tht 
epithelium  is  severely  pOLSoned  by  NaF  or  Afi,  it  loe«e  iCB 
tfpecial  peculiar! tie?d,  and  becomes  more  like  an  ordinary  dead 
iwrmeable  membrane.  Consequently.  NaCl  diffusea  fmm  At 
blood  into  the  gut,  and  the  intestine,  inBtead  of  containing  io 
isotonic  solution  of  deitroae,  is  filled  ^ith  an  isotonic  fluid  ooc- 
taining  a  lower  concentration  of  dextrose  and  a  much  bigb«T 
concentration  of  NaCl.  The  rate  of  absorption  of  this  abnormal 
fluid  '\s  very  hIow.  This  might  be  csplained  on  the  grounda  that 
normally  it  ia  the  partial  pressure  of  NftCI  in  the  blood  whidi 
determines  the  absorf^tion  of  water  from  a  dextrose  aolution^ 
But  Cbhnheim  has  brought  forward  evidence  that  this  pbvtical 
explanation  may  not  be  the  whole  truth  ;  for  he  baa  shown  that 
the  power  of  taking  up  water  from  a  dextrose  solution  may  be 
interfered  with  without  at  the  same  time  destroying  the  one- 
sidej  permeability  of  the  epithchum  to  XaCl  He  found  thAt  at 
a  certain  stage  of  poiaoning  with  NaF,  quinine,  or  potasfljum 
acetate,  the  percentage  of  NaCl  in  the  gut  might  be  acarrek 
raiaed  at  all,  and  yet  the  absorption  of  water  was  greatly  interfered 
with.  He  looks  upon  this  result  aa  Etrong  evidence  that  fldd^ 
are  transported  by  the  vital  activity  of  the  epitheliom.  Ham< 
burger  has  pointed  out  an  obvious  objection  to  all  these  experi- 
ments with  ^KFisons.  It  is  not  justi^ble  to  assimie  tacitiv  thai 
the  action  of  a  poison  is  confined  to  the  intestinal  eptthelinm 
and  does  not  affect  also  the  capillary  wdU  and  the  circulation 
through  the  part.  Further,  we  are  not  in  a  position  to  say  that 
the  epithelial  cells  are  still  normal  because  the  one-fiided  pemie< 
ability  to  NaCl  is  still  retain^;  and  that  any  observed  alteratioc 
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absoq>tion  is  dne  to  a  change  in  the  vital  activity  and  not  io 
a  phyaical  condition  of  the  cells. 

We  have  still  to  answer  the  question  whether  the  uptake  of 
watof  iSt  or  is  not,  conditioned  solely  by  the  difference  of  oamotic 
prcsaufe  maintained  on  the  two  sides  of  the  intestinal  epithelium. 
Leuhuscher  atiawe.red  this  in  the  liegative,  because,  he  found  tliat 
a  '25  per  coat,  or  a  "5  per  c^nt.  solution  of  NaCI  was  absorbed 
more  rapidly  than  distillod  water-  But  Reid  ha^  shown  that 
distilled  water  damages  tbe  epithelium  and  destroys  ite  one-sided 
permeability,  which  nmply  accounts  for  Leubuscher's  result. 
Reid»  aUn,  believes  that  when  the  gut  Ja  absorbing  a  solution, 
which  does  the  epithelium  no  damage,  the  uptake  of  water  is 
independoat  of  the  initial  and  &ial  concentrations  of  the  solution. 
He  quotes  the  observation  that  water  ia  absorbed  at  the  same 
rate  from  2  per  cent-  solutions  of  devtrose  and  maltose,  although 
both  substances  are  absorbed  at  the  same  rate,  and  the  oamouc 
pressure  of  the  dextrose  solution  on  an  impermeable  membrane  is 
about  double  that  of  the  maltose  Bolution.  On  the  other  band, 
there  are  results  among  Beid's  eKperiraenta  which  point  just  as 
much  to  the  opposite  contJusion,  For  instance,  Ke  found  that, 
after  a  loop  tad  been  washed  out  with  a  9  per  cent.  NaCI 
solution,  distilled  water  was  absorbed  more  rapidly  than  a  -9  per 
cent.  NaCl  solution.  Again,  he  found  that  water  was  absorbed 
more  rapidly  from  a  2  per  cent,  soiutioo  of  dextrose  with  a  tinal 
A  =  440  than  from  a  solution  of  the  same  percentage  of 
destroaa  in  a  '6  per  cent.  NaCI  eolution  with  a  ^  ='5oO. 

After  a  brief  consideration  of  the  available  evidence  we  are 
)und  to  believe  that  osmosis  does  play  a  considerable  part  in 
le  absorption   of  water.     And  although   it  is  impossible  to  look 

ipon  the  intestinal  epithelium  as  a  aimpk  osmotic  membranct  It 
equally  impossible  to  say  how  Ear  these  cells  have  the  power 

ff  sucking  up  Quid  and  paasing  it  over  fjo  the  blood  in  defiance 

tt  osmosis. 

WaifTftouth  ffpiVr*  EitptrnTHpyU. — Tike  Heidenhain  and  Cohnheini, 
Reid  has  come  to  the  conclusion  that  absorption  is  not  a  porely 
pliysioal  pruoess^  but  depends  upon  a  physioiogicAl  factor  aa  we^' 
Hia  experiments  are  of  very  unequal  values,  and  we  zatv 
sider  how  far  th*iy  necessarily  bear  the  interpretation  h' 
upon  them.     He  Las  compared  the  diffusion  velocities 
id  dextrose   through  parchment  into  aonim  with 
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which    tbeec  aubst&TicQs  are   nbaorbed   bom  the    intestine.     U« 

found  tb&t  the  dliTusihiLities  of  de^ctrose  and  peptone  thfxwgb 
parchment  were  in  the  proportion  of  2  to  1,  but  tliat  in  th« 
intfistine  peptone  waa  slightly  the  mote  rapidly  abaorbeil.  In  the 
flame  way  he  haa  ahown  that  tho  relative  didueibilitiea  of  dextroie 
and  D]a1to9e  through  parchm&nt  into  scrum  are  as  1'8  to  1,  and 
ir  the  intestine  as  1-05  to  1.  From  these  results  he  COncJndCi 
that  diJTuaioa  is  not  a  prepotent  factor  in  absorption.  But  the» 
experiments  arc  open  to  two  objections.  In  ttie  &rBt  place,  the 
ose  of  peptone  and  maltose  is  objectionable,  because  they 
certainly  undergo  fermentative  change  during  absorption,  and 
their  observed  rate  of  absorption  luight  ijepeiid  just  aa  well  On 
difEoaion  and  the  rate  of  ferment  action  aa  upon  any  cell  aotJFity^ 
And  in  the  second  place,  the  permeabibty  of  two  ph^-aical  nieiD- 
bfanea  for  a  given  aubatance  Deed  not  be  the  same,  any  mora 
than  a  ^ven  membrane  need  be  equally  permeable  to  all  sub^ 
stances.  Reid*s  eiperimeiits  prove  that  absoqition  in  the  gut  is 
not  the  same  thing  aa  diffusion  through  the  parchment*  but  tJjcy 
do  not  prove  that  the  absorption  ratoa  of  different  eubi5tano«a 
do&s  not  accurately  repreaeot  their  difiuaion  rates  through  the 
intestinal  epithelium.  He  also  performed  experiments  to  show  the 
effect  on  the  abaorption  of  dextrose,  maltose,  and  pe£itone  aoh- 
tiona  of  the  removal  of  the  epithelium  which  is  causeii  by  damp- 
ing the  mesenteric  arteriea  for  half-an-hour.  He  found  that  the 
rates  of  absorption  of  these  aubstaneea  then  more  nearly  corre- 
sponded to  their  dif!uaion  raif^a  tlirough  parchment  into  serum. 
But,  again,  all  that  this  necfssarilj  proves  is  that  the  inteatinal 
epithehum  and  parchment  are  two  very  different  membranoa.  Aiid 
that  when  the  epithchum  is  removed,  the  rest  of  the  inteatinaJ 
mucous  membrane  has  properties  something  like  parchment. 

Three  series  of  Reid^s  experiments  are  of  great  importance. 

(1|  Ahsorplion  of  a  Dog^s  oicn  Serum. — The  one  reallj-  import- 
ant set  of  experiments  performed  by  Heidenhain  were  thooe  in 
which  he  observed  the  absorption  of  horse^s  or  another  «iog'fl 
serum  from  the  small  intestine.  The  chief  objections  whieh  can 
be  raised  against  his  conclusion  that  absorption  in  this  case  could 
not  be  a  physical  proceaa,  are  that  he  took  no  account  of  the 
possibility  of  filtration  and  imbibition,  and  that  the  eerum  waa 
that  of  another  animal  Beid  repeated  Hetdcnhain'e  experimente* 
iLt  the  aame  time  appeared  to  exclude  moat  of  the  known 
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pbvaicftl  pioceases  whicli  oould  be  held  reaponaible  for  the  reBuJts. 
By  using  the  dog's  own  blood  aerum,  he  conaidtrad  that  he  had 
flscluded  ograo^ia  and  diffnaion ;  bjr  simultaneoualy  measuring  the 

Ipresaures  in  the  meseaterit^  vein  and  the  giit  he  wm  able  to 
exclude  fntratioiij  for  he  found  that  the  preoaure  in  the  vein  waa 
about  four  times  greatf^r  than  that  in  the  gut,  and  the  pressure 
in  the  mesenteric  capillarieB  niuBt  hava  been  atill  greater.  Ha 
Blaf>  tied  the  mesenterir.  lymphatics  in  order  to  prevent  the 
pumping  action  of  the  \ilU;  whether  this  would  bring  about  the 
desired  result  la  unknownr  but  the  procedure  had  no  eSect  upon 
the  abeot()ti^>D.  It  is  impOMible  to  eK:'Judo  imbibitioii  eKpcriment- 
ally;  Reid  attempted  to  do  bo  by  wasliiog  the  loops  with  Beruni 
before  the  ^xperimert  began,  and  found  that  it  did  not  infiuenee 
the  result ;  but  it  is  clear  that  ajch  a  proceduie  could  not  pre- 
vent a  continuous  proceea  such  as  imbibition  is  supposed  to  be  by 
IHambutgor.  The  results  obtained  by  Reid  may  bo  gathered  from 
a  typical  experiroent,  50  c.c.  of  the  dog'a  own  serum  were  placed 
in  a  loop  of  ileum  80  oms.  long;  at  the  and  of  an  hour  the 
pressure  in  the  mesenteric  vein  was  135  mm.  Hg,  and  that  in 

■  the  gat  4'D  mm-  Hg ;  there  had  been  absorbed  56  per  cent,  o£ 
the  water.  o3"5  per  cent,  of  the  salts,  and  30  per  cent,  of  the 
organic  ^lida.     At  the  end  of  the  experiment  the  alkalinity  and 

»the  part iaf  pressure  of  the  NaCl  in  the  dog's  plasma  and  in  the 
serum  in  the  gut  were  the  same ;  this  excludes  the  possibihty 
that  the  one-sided  permeability  of  the  gut  to  NaCl  could  be 
made  respouaible  for  the  absorption.  In  the  absorption  of  the 
Beruni  work  had  been  done,  aad,  according  to  Beid,  with  no 
apparent  force  to  do  it  excepting  the  physiological  activity  of 
the  living  iateatinal  epitheiium.  But  it  ceems  that  Reid  has 
really  proved  too  much,  for  it  would  follow  from  theae  results 
it  in  the.  absence  of  this  cell  activity  no  absorption  could  take 
And  this  he  found  to  be  the  vase  in  some  experiments  in 
which  the  epithohum  was  poisoned  W)th  NaF.  But  in  an  ex- 
actly similar  expenment*  in  which  the  dog  was  in  unusually  good 
condition,  the  NaF  reduced  absorption  scarcely  at  all  Again, 
Hamburgr^r  had  shown  that  serum  was  absorbed  from  the  inteatinci 
tef  a  dog  which  had  been  dead  four  hours,  and  at  a  rat«  i 
responded  to  about  a  third  o£  that  observed  by  R> 
animalfl  with  an  intact  eirculatioji.  Reid  ) 
the   same  result  when  the   epithelium 
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ansmift,  or  poisoned  with  osmie  acid,  fc.  It  aeema  clear,  there- 
fore, that  in  the  ahsence  nf  a  normal  living  epithelTura^  conaider- 
able  abaorptioD  oE  serum  i^a  sbill  take  place,  poasiblf  hj  irabibition, 
but  at  any  rate  by  some  physical  protesB, 

Further,  it  dovA  not  aeem  by  any  means  certain  that  osmooii 
and  diffusion  are  really  excluded  in  these  experiments.  R«ii 
aeeniB  to  saaume  that  the  serum  proteids  are  taken  up  by  tbe 
epitbelial  cells  without  digeation.  The  posaibility  of  such  an 
occurrence  haa  long  been  mamtained^  but  recent  work  has  thrown 
very  grave  doubta  upon  it.  For  instance,  Mendel  and  Rockwood 
compared  the  absorption  of  caseiri  and  casccse  from  the  small 
intestine.  The  loops  of  gut  were  washed  out  very  thoroughly 
beforehand  with  salt  solution.  At  the  end  of  five  hours  they 
recovered  ^1  per  cent,  of  the  casein  unabaoFbed  and  otijy  3  per 
cent-  of  the  oaseose.  The  !*light  absorption  of  casein  may  well  hava 
been  due  to  digestion,  for  casein  can  be  split  up  by  erepaia  aa 
well  as  by  trypainn  Ecid  in  hid  experimenta  only  woahed  out 
the  loops  of  gut  with  salt  solution  sufficiently  to  remove  debris 
of  food  and  worms,  and  does  not  mention  that  he  continued  thv 
washings  in  order  to  remove  digestive  ferments.  Unless  it  fa  certain 
that  in  these  ex]>urirnenta  the  proteid  was  nob  absorbed  by  diges* 
tion>  the  absorption  of  thv  salts  &nd  water  could  be  accounted  for 
by  oamoata  and  diHuaion,  And  there  is  strong  presumptive  evidcoce 
that  the  proleid  mvist  have  been  at^orbed  by  digeAtion. 

At  first  sight,  however,  there  appears  to  be  a  difTereuc©  in 
kind  S3  well  as  lq  degree  between  tbe  absorption  of  serum  from 
a  damaged  and  a  normal  loop-  Reid  found  that  the  aji^mi& 
produced  by  eseitation  of  the  mesenteric  nerves  reduces  the  rate 
of  serum  absoqttion  to  half  the  normal,  but  does  not  otherwiea 
alter  the  relative  proiicrtion  in  whic?h  the  water,  Balts>  and  organic 
solids  are  taken  up-  On  the  other  hand,  when  the  epithelium 
ifl  further  damaged  by  clamping  the  mesenteric  arterica  or  hv 
poisons,  not  only  ia  the  rate  of  absorption  further  reduced  but 
the  quality  is  altered ;  for  the  organic  solids  are  taken  up 
relatively  to  the  salts  and  water  more  freely  than  normal. 
Noverthelesa  he  looks  upon  this  result  as  physical  and  directly 
oonnected  with  the  removal  of  the  epithcHuro-  We  can  conclude 
only  that  however  likely  it  may  be  a  prim  that  the  living 
epithelium  does  ftctually  transport  material,  these  eicperimenttt 
bring  forward  no  evidence  in  favour  of  such  a  process. 
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(2)  AhsoT-ption  q/  Defihrimtifd  Blood  hy  the  Sunimig  IrUesHne. — 
Tlie  object  of  theoe  experiments  is  the  a^jae  as  tha  last  with 
the  added  possibility  of  eliminating  imbibition.  The  method 
confliBtf  in  decapitating  a  eat,  taking  out  a  length  of  small 
intestine  as  rapidly  as  possible,  and  £.l]Jng  it  with  a  known 
quantity  of  the  animal's  own  defibrlnated  blood  ;  the  gut  is  placed 
in  a  beaker  containing  the  flame  fiuid  through  which  oxygen 
IB  bubblodf  and  the  whole  ia  placed  in  a  thermostat  kept  at  the 
body  temperature.  Cohnbeim  hod  performed  a  large  number  of 
Bimilar  eKpenmenta,  using  sometimes  the  same  salt  solution  inaidi^ 
and  outaide  the  gut*  and  aometimea  different  tluids.  Hia  reeuJts 
showed  that  in  an  hour  as  much  aa  two-thirda  of  the  Suid  in 
the  intestine  might  disappear.  Osmosis  and  difftisioii  are  excluded 
when  the  same  fluid  is  on  both  sides  of  the  intestine.  FUtration 
was  not  excluded  in  many  of  the  experiments,  beu'auae  in  them 
the  gut  showed  lively  peristalaia,  but  in  other  cases  peristalflia 
TdB  abeent  and  yet  the  fluid  dieappeored-  Cohnheim  wa^  never 
&bk  to  demonatrflte  directly  where  the  fluid  bad  disappeared  to, 
hnt  he  excluded  diaappearance  through  imbibition  by  weighing 
the  gut  before  and  after  the  experiment,  and  finding  that  its 
increaodd  weight  would  not  account  for  all  the  fluid  which  had 
disappeared-  He  concluded,  therefore,  that  the  fluid  paased 
through  the  wall  of  the  gut  from  the  epithelium  to  the  serous 
surface  and  so  into  the  Burrounding  solution ;  and  that  this 
transference  was  due  to  the  vital  activity  of  cella,  waa  further 
proved  by  the  observation  that  the  whole  process  was  stopped 
by  NaF.  Hambm:ger  repeated  one  of  Cohnheim's  experiments, 
using  a  '9  per  cent.  NaCl  solution  inside  and  delibrinated  blood 
outside  the  gut.  He  found  that  at  the  end  of  1 J  bourn  ty2  gnu. 
of  fluid  had  diaappearedf  bub  he  abo  found  that  the  weight  of 
the  put  had  increased  by  6"2  grm.,  and  concluded  that  the  flmd 
had  been  absorbed  by  imbibition.  Reid  has  confirmed  Cohnheim's 
observations ;  he  used  the  anJmars  own  deflbrinated  blood  diluted 
with  "6  per  cent.  NaCt  solution  on  both  sides  of  the  int^tine; 
but  he  did  not  weigh  the  gut  before  and  after  the  eiperimente, 
and  there  is  therefore  no  certainty  about  the  destination  of  the 
absorbed  fluid.  On  turning  the  gut  inside  out  he  was  unable  to 
show  that  fluid  passed  now  in  the  reverse  direction,  Reid, 
however*  haa  attempted  to  demonstrate  by  a  special  apparatus  the 
actual  transference  of  fluid  across  surviving  gut  in  the  direction 
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of  normal  absorptiori.  Hia  original  experimentfl  were  perfonoed 
long  beioie  CoHnheim^B,  and  be  has  drn^e  ampliiied  them.  Tbe 
apparatus  coiuists  eoaentially  of  two  bcrizontal  glass  tubes  con- 
taining '^  per  c«nt,  NaCl  sohttion;  ttese  when  damped  together 
are  soj^arated  only  bj  a  diAc  o£  inteatinaJ  wall.  The  amount  of 
fluid  on  the  two  aidea  of  the  meuibrano  could  be  accurately 
roeaaured.  With  absolutely  freah  iatestine  be  found  that  for  a 
little  more  than  t^n  minutes  fluid  passed  from  one  side  of  the 
membrane  to  th*^  other  in  the  dlreraion  of  normal  alij^rpdon^ 
but  that  after  that  interval  fluid  passed  from  botli  aides  into 
the  membrane.  In  thia  way  he  claima  to  have  doaionstrated  a 
vital  traoBference  of  norma,!  salt  aolutzon  to  normal  aalt  aolutioD 
acroaa  Bur\'ivLng  rabbit^a  gut  at  an  equabty  of  hvdroatatic  pressui? 
on  the  two  aides  of  the  membrane.  The  actual  quantiuea  of 
fluid  passing  ucroaa  the  membrane  were  neceaaarily  minute,  but 
tho  work  done  oould  have  been  performed  only  by  living  oeDa, 
if  the  pliyaieal  condition  on  the  two  sidea  of  the  membrane  were 
really  identical.  There  is,  however,  a  fact  in  Heid^a  ex^ieriments 
which  raises  a  doubt  on  thia  point.  Ho  could  obtain  a  positive 
teault  only  when  the  membrane  was  taken  from  an  aaimal  in 
full  digestive  activity.  Gut  taken  from  a  fasting  amtnol  did 
not  show  the  phenomenon  at  all,  but  from  the  very  beginmng 
of  the  experiment  fluid  passed  fro[u  both  aidea  into  the  membrane. 
Conaiderjng  the  rapidity  with  which  aalt  flolution  ia  abaorbed  by 
a  norma]  fnating  intestine,  this  total  diflorence  between  the  gut 
when  digesting  and  fasting  is  suggestive  that  there  may  be  some 
factor  other  than  cell  activity  at  work.  The  whole  phenonrkenon 
might  equally  well  be  due  to  osuioaia.  In  the  faating  gut  aa 
the  cella  died  the  osmotic  prcaaurc  in  it  would  rise  and  fiuid  be 
attracted  into  it  from  both  sides.  But  the  intestinal  wall  cf 
an  animal  in  full  digestion  would  contain  the  products  of  diffestion, 
and*  if  these  diffused  out  intfl  the  salt  fi<;liition  more  readdv 
on  the  aeroua  than  the  epttbehal  aide,  a  transference  of  fluid 
in  the  dirootion  cf  normal  abaorptioii  would  be  obaer^-cd  nnti] 
the  dying  condition  of  the  gut  was  able  to  determine  a  paaaa^e 
of  f^uid  from  both  aides  into  the  membrane.  And  that  somethirkfl 
wholly  abnormal  b  taking  place  in  these  experiiuenta  is  ahown 
by  the  conaideratioD  that  the  fluid  absorbed  by  &  norma] 
intestinal  opithcUum  does  not  pass  tight  through  the  w^l  of 
the  gut  and  does  not  appear  on  its  aeroua  surface. 
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(3)  Beid's  third  eenca  of  expcriioenta  was  devised  nitb  the 
object  of  testing  hovf  far  difiusion  and  osmosis  pUy  &  part  in 
ftbsorption,  und^r  conditiona  removed  as  little  as  possible  from 
the  nomial.  The  prar^tical  difficidty  is  how  to  devisfl  exj^ieriniMiW 
which  shall  give  definite  r&sultB  and  not  a,t  the  same  time  injure 
the  cpithchum,  Ab  has  been  pointed  out,  the  only  criterion  of 
epithelial  injury  at  present  available  is  the  retention  hj  the 
epithelium  of  its  ooe-aided  permeability  to  XaH.  But  this  at 
beat  LS  a  very  rough  guide,  lor  Cohnheim  showed  that  it  was 
poaaible  to  poison  the  cella  up  to  a  certain  point  without  depriv- 
ing them  of  thiB  power. 

The  tlrat  experinienta  dealt  with  the  absorption  of  water,  and 
were  bas?d  on  the  followirig  considerationa.  If  water  is  taken  up 
from  A  0olutiou  in  the  gut  hy  osmoaia*  then  the  amount  abscrbed 
muat  bear  relation  to  the  austained  eipcaa  of  osmetic  [iresaiire  on 
the  blood  side  of  the  membiane,  due  to  aubBtanfce  to  which  the 
membrane  ia  impermeable  esigting  in  solution  in  the  blood.  If. 
then,  the  osmotic  pressure  of  the  blood  were  raised  by  an  addition 
ci  NaCl.  which  is  a  normal  constittient  of  the  blood  and  cannotr 
difiuao  into  the  gut,  water  ahould  he  absorbed  bent  a  aolittion  in 
the  inteatine  more  rapidly  after  than  before  the  addition  of  NaCl 
to  the  blood,  Reid  injected  slowly  into  the  circulation  enough  of 
a  5  per  cent,  solution  of  NaCI  to  raise  the  perrentage  of  NaCl  tn 
the  blood  by  about  O'l  per  cent  He  injected  actually  O'S  grm. 
NaCl  per  kilo  of  body  weight,  which  was  about  100  c.c.  i^f  the 
aolation.  He  placed  in  the  intestine  a  4  per  cent,  solution  of 
dextrose.  Comparing  the  absorption  before  and  after  the  ,injee- 
tion  of  the  KaPl,  he  found  after  the  injection  tSat  the  absorption 
of  water  waa  unaltered.  The  abeorption  of  destroso  waa  generally 
docreaaed,  but  this  point  is  only  incidental  to  the  other.  As  the 
percentage  of  NaCI  in  the  intestinal  contents  did  not  rise  after 
tile  injection,  Reid  considered  that  the  epitlielium  waa  uninjured, 
and  concluded  from  hia  reaulta  that  the  uptake  of  water  is  not  a 
flimple  function  of  the  oaraotic  presaiire  of  substances  to  which 
the  normal  epithelium  is  impermeable  frotn  the  blood  to  the  gat 
side.  Tn  these  eicpenments  it  is  cl^or  that  the  epithelium  had 
escaped  gross  injury,  but  it  ifl  not  so  obvious  that  it  would  be 
uoiiduenced  by  the  NaCI  injection.  It  is  only  necessary  to 
remember  MacCallum's  expenmenta  to  see  that  the  epithelium  ia 
just  as  susceptible  from  the  blood  as  from  the  gut  side ;  and  it 
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is  posfliblj  more  ao.  MacCallLun  injected  1000  c-c.  of  &  '9  per 
c«iit'  NaC'I  solution  into  a  rabbit  and  found  a  large  secretion  of 
fluid  containing  '25  per  cent^  dexticse  in  the  gut^  Reid  injccc^ 
about  100  p.c-  of  a  5  per  cent-  solution  of  NaCl  into  a  dog  and 
found  that  the  absorptloa  of  water  waa  not  incrf^ased  and  llic 
absorption  of  dextrose  was  diminislicd.  It  would  be  difficult  to 
say  that  thcac  two  results  have  no  connection  with  each  other, 
and  that  the  explanation  of  the  failure  of  an  increased  concentra- 
tion of  NaH  in  the  lilood  to  increase  eorrespoiidingly  the  absorp- 
tion o£  water  is  not  to  be  fonnd  in  MacCallum^s  experiment*- 

In  the  other  erpenmcnte  of  thia  seriea  Reid  dealt  with  the 
absorption  of  subatances  in  solution,  and  sought  an  answer  to  the 
question  whether  the  rate  at  which  a  aubatance  in  solution  ia 
absorbed  Ja  deteroiined  by  the  relative  partial  preaaures  of  the 
substance  on  the  two  sidoa  of  the  inteatiuEd  epitlielinm. 
Hi*idenhain  showed  that  when  either  a  I  per  cent,  or  a  '  3  per  cect, 
solution  of  NaCl  is  being  abaorbedj  the  contientratlon  of  XaCl 
in  the  solution  becomes  rapidly  altered  until  it  is  equal  to  the 
concentration  of  NaCl  in  the  blood,  and  that  when  that  point 
of  equilibrium  has  been  reached,  water  and  salt  are  abaorbod 
at  the  same  rate.  Hamburger  and  Hbber  consider  that  the 
solution  during  concentration  becomes  isotonic  iivith  the  blood 
before  the  substance  and  aolvenb  are  absorbed  at  the  same  rate. 
The  difiorence  of  opinion  between  these  observers  is  ioimaterial 
in  thia  connection,  It  is  clear  that  the  whole  phenomenon  can 
be  explained  by  diffusion  and  osmowa;  the  alteratbn  of  the 
concentration  of  the  solution  up  to  the  point  of  equilibrium 
could  be  accounted  for  by  the  rapid  diffusion  into  the  blood 
of  either  solvent  or  substance  in  solution  ;  and  the  final  absorption 
of  the  solution  as  a  whole  could  l>e  accounted  for  by  the  osmotic 
pressure  of  substances  in  the  blood  to  which  the  inteatinal 
epithelium  is  impermeable.  Reid  found,  like  Cohnheim,  that 
the  point  of  equilibrium  for  a  solution  of  dextrose  in  water  waa 
a  concentration  of  about  4  per  cent,  and  that  if  a  etrrmger  or 
weaker  solution  was  used,  its  concentration  alters  until  this 
point  of  equilibrium  was  reachedn  Thus,  if  a  2  per  cent-  solution 
of  de^ti^se  in  water  is  placed  in  the  Jntestme,  it  becomes  a 
4  per  cent-  solution  within  half-an^hour.  He  further  found  that 
if  2  per  cent,  of  dextrose  was  dissolved  in  a  6  per  lent.  NaCI 
solution,  the  concentiation  of  de:ctt05e   remained    unaltered  and 
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not  rise  during  abaorptkon.     This  result  could  be  eKplamed 

jae  due  to  the  water  absorptitin  Leing  so  delnyed  by  the  oamotic 

pressure  of  the   NaCl  that  the    uptake  of  dextroae   could  still 

keep  pace  witL.  it-    Now,  from  these  data  it  would  be  espected 

that   if  the   absorptions  of  2  per  cent,  solutione  of   dextrose   in 

water  and  id  "5  percent.  NaCl  HoluiJon  were  compared,  a  greater 

^■<juantity  of  dextrose  would  be  absorbed  from  the  former  solution 

Hthan  from  the  latter:  bocause  the  concentfation  of  dextrose  in 

^|tbe  former  solution  will  nee  during  abeorptioc  up  to  4  per  oeut-i 

^K  but  will  remain  unaltered  irt  the  other.    This  e^pectttion,  however, 

B  was  not   fulfilled-     Beid   fotmd   in   most  of  hJs   experiments  that 

H  just   aa   much   de?ctroae   waa   absorbed   from    the   aalted   as  from 

H  the  unsalted  solution,  i.e.  £roui  the  low  as  from  the  high  con- 

^  oentration  of  destroflo.     And  in  two  animab  which  were  in  full 

digestion  with  white   lacteals  lie   found  that  nmc^h   more   d^j'ttrose 

•  was  absorbed  from  the  salted  flolutioii.  He  associated  tliis 
uneipected  result  with  the  presence  of  NaCl  in  one  of  the 
fiolutions,  and  in  support  of  thie  idea  he  found  that  more 
dextrose    was    absorbed   from   a   solution   salt^    with   KCl    than 

tfrom  one  aalted  with  NaCl.  Ho  sees  in  iheae  results  a  dear 
indicatJon  of  ionic  action;  and  every  one  will  agree  with  him. 
But  when  he  goes  on  to  explain  the  ionic  action  aa  due  to  its 
produeing  a  stimulation  of  a  specific  cell  activityt  he  may  bo 
right,  but  he  is  going  far  beyond  what  is  justified  by  our  know- 
ledge of  ionic  action  in  general.  In  fact,  tbe^e  experimeiitf^  jire  but 
another  instance  of  the  impoaaibility  of  interpretiag  at  present  the 
results  of  expenmenta  on  intestinal  absorption  where  solutions  of 
deotrolvtes  are  allowed  to  influence  the  absorbing  cell  membrane. 
Cojiclusion. — We  have    reviewed    the   more    bnportant  experi- 

Iments  dealing  with  the  mechanism  of  absorption  from  the  sniall 
inteatjne  with  the  object  of  finding  out  how  much  is  left 
unexplained  by  Imown  physical  proceBsee,  and  therefore  how  much 
must  be  attributed  to  uitat  action.  We  have  seen  that,  whilst 
there  is  no  one  experimental  r-^snlt  which  can  be  pointed  to  as 
indicating  with  absolute  certainty  vital  action^  there  are  many 
which  cannot  he  saticfactorily  explained  by  our   present  know- 

t  ledge  of  physical  proe^oees  iu  relation  to  living  cells.    Novcrtbeleas 
we  hava  seen  that  physical  processes  can  explain  much;  and  in 
forming   a    working   bypotheais   on   intestinal   absortition   we    are 
present  to  leave  vital        mty  largely  out  of  account 
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Uoad«nd  fywfk^  imt>mhiA  ntfmd  «  to  bs  A^ovbed.  m 
wUh  iham  m  iW  got  TWt  b  to  mj,  we  nrat  hsTs  n 
bail  rodlfclf  t^  ioflo>»ing  datA— tbe  exact  prodacts  vfaich  have 
to  h9  ibmbad,  cad  tbe  oooe«i>tntioiM  in  vhkb  theT^  «xi«t  in  tb» 
Igm  ;  Urn  form  in  which  they  nach  tb«  bbod  anJ  Ijniiph,  aad  the 
idwxfttraitfm  in  which  they  &lmdj  exist  in  those  fluids ;  tbe 
tuitttiY  ftnd  «it«  of  tb«  ctLAOgn  vhich  thcj  UDdcfgo  betweeD  iho 
|[vjt  Atul  tb«  blood  or  l)inph.  It  it  •Imoot  mmeogaiary  to  povt 
iKit  how  m«ft^  m  our  iDfontutkra  on  these  pcjnts.  Waur  uti 
flftlU  nlijti^  uf  our  fond-fttnfh  reaeh  tfaa  blood  unalier^,  and  their 
abmiTpium  iwed  luit  be  further  discoaeed-  The  others  undergo  at 
li^ut  (k  (I'riibli^  rhnr^c.  (fnc  of  theae  cbangca  certatnlv  tskcA  place 
in  the  i^iit ;  the  ohomieal  nature  of  the  final  producta  is  not 
biyond  dinputv,  pbyfiioallj'  they  are  probably  more  or  leA 
diffiiiiibhi ;  but  tbpjr  concentration  m  the  gut  is  unknown.  The 
nv-nnJ  i^liaijj^o  Ukcs  place  during  absorptioD,  but  its  site  |is 
unoorlain  ;  tt  muAt  be  som(?whcre  between  the  gat  lomcn  and  the 
■iibflpitlidlliil  capillarieti,  and  we  may  place  it  proviaionally  in  tha 
n[iillu'lml  ci'lU-  Tfit'  naiuro  of  these  chemiciil  changes  is  not 
Ipiuvm  for  cvrLain  :  and  with  the  exception  of  fat  the  same  ia  tma 
of  the  form  in  whi^^h  the  ab^orl^  sabstanees  reach  the  circulatioD^ 
BiLt  It  is  Ht^ar  thnt  wr  liave  to  look  upon  the  abaorption  of  fate, 
nni'bohyilmlvn.  hikI  prowids  aa  generally  taking  place  in  two 
atAffru;  ii;  the  firHt.  tbi:'  di^oslrd  material  has  bo  pass  tnto  tbe 
npitholial  coll  an^l  uni^rrgn  change,  and  in  the  second  this  nev 
pTiitluia  liAa  to  leave  the  vvW  and  pass  into  the  eirculatton. 

Ucfiir«  '''iTiHidoriitg  the  absorption  of  the  food-atn^  Beparatdy, 
ono  fojiti]n>  i'litmuoii  to  all  may  be  referred  to^  Thei«  la  ik> 
p^ idriui'  LM  {\u-  i'iixi'  nf  ariv  i^no  of  them  that  absoipdoa  ia  in  anr 
Way  riiiiil.iti  li  li\  x\w  ncixi*  of  the  body  ;  nhatever  qtiantl^  can 
h«  d«ltT«tM  wUl  also  bo  abaorbtd,  no  nutter  whether  the  body 
it  or  uoc.  And  ih»  same  ia  true  of  th^  ^bsoirptaon  oC 
but  in  the  vMac  of  salt>  tbarv  ia  eiidenev  that  tbe  ii«?da  «l 
llm  body  inay  pUy  a  i^ait  in  ftbaaqXion-  11^  behavioor  of  a^ 
ii  ia  •*!«(«  rantnat  to  t^i«  «i  tJM  kidaey,  the 
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Ahsor-ptum  of  Fat.— It  would  be  amiple  to  suppoae  that  fat 
was  absorbed  in  some  aucli  way  aa  tho  foUowing,  Fat  is  5rst 
digested  into  8oa]i  or  a  solution  of  fatty  acida.  Thia  solution 
diffuaes  into  the  epithelial  cells,  and  ifl  there  converted  hy  lipase 
into  neutral  fat.  This  conr&raion  would  keep  down  tlie  con- 
centration of  eoap,  &c.,  in  the  cell,  and  the  absorption  would 
contina©  becanse  of  the  difference  of  concentration  within  the  <?ell 
and  in  the  gut.  Lipase  having  a  revermble  action,  converts  the  fat 
in  the  cell  into  u  soluble  Form,  and  this  diffuses  out  of  the  eell 
because  of  the  difference  in  concentration  of  this  soap  within  the 
cell  and  in  the  aubepithclial  epaces.  Uerc  tho  soap  is  again 
converted  by  hpase  into  fat,  which  passes  into  the  lacteals.  It 
would  be  riecesaary  to  imagine  that  the  epithelial  cell  has  a  one- 
sided permeability  for  soap,  otherwise  it  would  begin  to  diffuse 
back  into  the  gut  aa  well  as  into  the  suWpitheKal  spaces.  Even 
such  a  rough  working  hypothejBis  aa  this  neceBsJtates  several 
considerable  aeaumptio&Q.  It  supposea  that  fat  is  digested  into  a 
soluble  substance  and  ahsorbed  in  solution  ;  this  on  the  whole  is 
probable.  It  also  assumes  that  this  fiuhstanee  in  solution  will 
diiTuae  into  the  epithehal  ceils,  We  have  no  direct  evidence  on 
thia  point.  The  cells  might  he  permeable  to  soaps,  &c,,  in  a 
clLemical  way  in  accordance  with  Overtones  views,  or  in  a 
mechanical  way,  Aa  against  this  latter  idea  wc  have  the  ob- 
servations of  Moore  and  Parker.  Thpv  found  that  soluliona  of 
soaps  in  water  did  not  diffuse  through  parchment  paper ;  that  is, 
they  did  not  behave  like  crVBtalloids.  because  preanmably  they 
existed  aa  solution  aggregates  formed  by  the  aggregation  of  many 
molecules.  Provided,  however,  that  soap  or  some  such  substance 
existing  in  a  more  or  lees  mono-molecular  form  could  diffuse  into 
the  cell,  it  might  well  undergo  aggregation  within  the  cell,  and  in 
thia  way  keep  up  absorption  ;  for  the  abaorbed  substafice  would 
no  longer  eiiat  as  such  in  the  cell.  This  change  of  the  absorbed 
substance  from  a  diffusible  to  a  n  on -diffusible  forni  might  alao 
determine  an  osmotic  absorption  of  water  ;  for  Moore  and  Parker 
have  shown  that  soap  solutions  can  E>xert  an  osmotic  presaute 
upon  a  parchment  membrane  to  which  they  are  impermeable. 
The  reversible  action  of  lipase  might  be  to  produce  first  an 
aggregation  of  molecules  which  proceeded  until  the  diaaolred 
solution  oggte^lt^  *^e  granular  form,  ar 

change  in  tb*"  '^nlea  pQssins 
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solution  (Lod  the  Icbs  ^ggrcgatJon  proceeding  until   th«   moJt 
could  d-ithide  out  of  tlie  cell  again, 

AhfrT/)tu>u  0/   Pro(eid.—Vin  may   form   a    working    hj 

of  tlii»  process  whlt^li  would   begin  oa  follows.      Proteids  an 

dig<:at(-'d  before  absorption,  that  ie,  thoj  must   be  dissolved 

undergo  liydrolytio  cleavage^  at  le&si  as  fjir  as  the  albunioae 

All>unioaed  lir^  difTuaitib   throogh   parchment   paper,   and  we 

believe  that   they  might  difftue  into  tlie   epithelial  cell?^  vndergc 

changfi  there,  ami  so  keep  up  absorption.     But  when  we  have  got 

as  far  as  this  we  are  laced  by  the  diHicLUty  that   we    have  u 

cf^rtain   knowledge  of  what  change  proteida  undergo  in  th«  e|i- 

thelial  wlU,     If  the  view  of  Fohti  is  right,  that  the  major  part  dI 

the  absolved  proteid  Is  imnipdiately  hroten  down   further,  we  fan 

Btiil  procet^-     For  we  may  believe  that  alhoiiiose  is  further  hydiD 

lyaed  by  erepsin  and  split  into  amido-QCida,  that  the  NH-,  groopa 

of   these  acids    are   split   off,   and   that  the  ammonia    and    ooa 

nitrogenous   nmieti^s    \tass  into  the   portal    blood    by    diSuflioft 

There   cau  be   littie   doubt  that  Fctljn's  view  explaina   the    Icncnn 

facts,  but  it  ia  doubtful  where  these  changes  sctitally  take  place 

whether  in    the  lumen  of  the  gut  or  in  its  mucous  iiwuibrane 

If,  on  tha    other   hand.  \\v    boheve  that  any   of    the    abaorhet 

albunioao    undergoes  a^^j^rogation  within    the    cell   and    is   thtfi 

built  up  into  a  complt^x    proteid,    then    the  pasaage  of    tfodi  1 

Buijstance    i  nto   tht;    blood    beeoniea    difficult    to    explain    by  1 

physical  process,  unlesfi  we  believe  that  the  cell  on  its  blood  uA' 

and  the  capillary  wall  arc  permeable  to  proteida  aa   complo^ 

the  blood  ptoteids.  B 

AbBorfiu>n  of  Corbohi/drates^—Tha  chief  eod  product  of  ataid 

digestive   apj>earH   to   ))e   niHltoae.      We   may    imagine     that    thi 

diffuses  into  the  epithelial  cell  and  becomes  converted  hy 

invertin  into  dextro9e«  which  in  turn  passes  by  diffusion  inl 

blood.     As  m  the  riaao  of  fat  and  proteid  absorption,  it  ia 

sary  to  believe  that  ihe  new  product  formed  in  the  eell  « 

diffuse  back  into  the  gut^     Lar^toss  and  cane-sugar  aimilarl* 

changed   by  ferinents  dtirin^  abaorption.     We   have    seen 

solution  of  dextrose  is  absorbf?d  aa  rapidly  as  one  of    niall 

yet  deKtroBe  undergoes  no  change  by  ferments  during  a] 

We    haye   not   the  data   which   tenable  us  to   diseijse  how   ' 

absorption   of  dextrose  lould   lje  a  physical  process.      We 

certain  how  far   dextrose  in   the   portal  blood  is    in    a 
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ditioD  uncombined  with  colloid ;  we  are  faced  with  the  possibility 
that  dextrose  io  the  epithelial  cell  is  not  free,  but  is  powibly 
linked  on  to  proteid,  and  that  this  loose  combination  can  again 
be  split  in  two,  the  dextrose  passing  into  the  blood  and  the 
proteid  molecule  repmining  intact  and  capable  of  combining  with 
fresh  deKtrose. 
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CHAPTER  XIX 

THE   FORMATION   OF   UREA 

Urea  or  carlwmide,  CIJ  .  (N'H^)^.  is  in  manimals  the  form  id  whicl 
the  major  part  of  the  nitrogen  absorbed  from  the  alimentirr 
canal  leaves  the  body  in  the  urine.  The  proportion  of  th* 
total  urinary  nitrogen  excreted  as  urea  and  other  substances  ir 
by  no  nieanf^  constant  even  in  health-  The  following  tablt 
showa  the  eflect  produced  upon  the  distribution  of  the  uriDarr 
nitrogen  in  a  healthy  man  by  altering  the  total  nitrogen  oi 
the  food. 


Quantity  of  urint' 

IITU  i:*-. 

38r»  izc. 

Total  TJilroiieti 

Ift'H  gnu. 

3  C  grni- 

(Jreii-iiitni;;cn 

14'7  gnu. 

=  ^7rj 

3  2  grin. 

-lii-: 

A  m  moil  ii  L- n  it  rr  i>^-ii 

0-43  grin 

-   3lt  : 

0-42  ^rrni. 

-n-3 

Unc-ftoiri  ni(niir<'Ti 

0'  1 H  grm 

=    \-\'' 

0-09  grm. 

=    2"» 

Krvatiniu-rLitrnguiL 

0'i>8  gmi. 

-  3  fi  ; 

O'GO  gnu. 

=  17:i 

UtidolLTiuLneil  nitrugcn 

0-8r>gnH, 

'- 1'^.; 

0-27  grm. 

-   7  3 

Total  SO.   . 

niU  grm. 

0"G  gnn. 

[inirt'iif'tt'  ?^n       . 

'-\rl7  ^■nii. 

1*00 

040  grm. 

'=*5.V.V 

Kth-rr-Ml  SO 

"I'll*  gnu. 

5-2 

0-10  grni. 

.  iS^-1 

NnilrcU  SO; 

OIK  gnu 

...    4'S 

0-20  gnu. 
(Fulin, ) 

--.  2ii-:J 

It  will  ill!  ncn\  thai  wln'n  llitf  total  unnan'  nitrogen  has  he^-:: 
greatly  rniuri^d  the  nitri»goii  i^xcn-tcd  as  urea  falls  to  about 
liO  [KT  n'ut.  of  tlu!  wholo,  and  that  there  isj  a  corresponding  risn 
in  thf  iiitrojrjni  i-xcrotcd  a.s  atiinionia,  kreatinin,  and  undetermin^i 
lnKli«T<  and  al-in  in  the*  excretion  of  neutral  sulphur.  On  a  KWai 
iiitrci;;,>inuii*  ilii'l  the  uR'a-iutrogi'u  forTun  at  least  Sj  per  coiit, 
cjf  thi.'  uliolc. 

Thi'  firob|c[ii  to  W.  discussed  in,  what  tissues  pr<Mluc-e  ur^iL 
and  nut  *if  wliat  do  they  fnrni  it. 

Acf^irding  to  the  theories  both  of  Voit  and  of  Pfia^er  tlie 
bulk  of  tin-  TiitnijTi-ii  (,f  the  food  aflor  abs<irption  is  built  up  eith« 
into    iiniti'id    or    into    biupla.'^ni.    and   this    is    broken     down    in 
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le    tiMues   into  simpler  compounda,  wKich   are    ultimately  eon- 

sTtetl  into  and  leave  the  body  cliiefly  aa  urea.     At  tLe  same  time 

has  been  auppoaed    that  an  unknown  proportion  of  the  total 

rea-nitrogen   may  have  had  a  diSeront  bstory,  and  that    it  ia 

lerived   from  the  breaking    down   of  proteJda  not  in  the  tissue 

It  in   the  ftHcientBry  CEoai,    Folin  has  recently  pnt  forward  a 

rholly    different  view  of   proteid    nietaboliwrn,  and  divides    the 

dtrogenoua    katabolism    into    endogenous    and    exogenous,      The 

idogenous  or  tiaeue   metabolism  ia  represented   in   the   urine   by 

Ltinin,  urio  acidf  neutral   sulphur,  and  poseibly  a  very  sinall 

iroportion    of    the    total  urea.     The    bulk  of    the  urea  and  the 

lorganic  Biilphate   represent    the   exogenous   kataboiiam,   that   h, 

the  proteiU  which  is  broken  down  during  digestion  and  absorption 

and  never  built  up  again  into  proteid    or  bioplasm,    Acoordii](f 

to    this  view  ur^a  is  not  the  chief  end  product  of   nitrogenous 

tissue  metabolism,  as  in  the  views  of  Voit  and  Pfluger,  but  ifl  the 

form  in  which  the  nitrogen  of  the  food  which  ia  in  excess  of  the 

tissue  r»eeda  ia  paaaed  out  of  the  body  after  having  been   broken 

down  in  the  alimentary  canal     According   to   all  of   the    thiee 

views   urea   possibly  has  a   double  origin,  the  tiasueg,  and  the 

aiimeiilary  canal  apart  from  the  tiesuea. 

It  IB  impoaaible  to  follow  in  detail  the  breaking  down  of 
proteid  in  the  alimentary  cvanal  of  a  living  animal,  and  our 
knowlet%e  ia  derived  chiefly  from  the  action  outside  the  body 
of  digestive  ferments  and  other  hydrol^^iu  agents.  It  is  even 
more  difiicult  to  follow  in  the  Uving  animal  the  steps  in  the 
disintegration  of  tissue  proteid  which  might  lead  to  the  formation 
of  urea.  The  views  which  have  been  held  aa  to  what  subfltance?^ 
are  the  immediate  precLirsora  of  urea,  and  by  what  proce^  urea 
is  formed  from  them,  have  been  founded  both  on  chemical 
and  CKperiinental  evidence.  Proteids  have  been  oxidised  by 
Vfirious  agenta  and  hydrolysed  by  digestive  ferments,  acida,  or 
alkalies  ;  many  of  the  aimpler  nitrogenons  products  so  obtained 
have  been  chemically  converted  into  urea ;  tlie  same  product* 
have  been  placed  in  the  alimentary  canal  or  injected  into  animaU> 
or  oirculcLted  through  their  organs^  and  the  formation  of  urea 
inveatigat«d.  The  subject  has  been  rendered  more  difficult  partly 
because  of  our  ignoranf!e  of  the  actual  constitution  and  mode  of 
cleavage  of  the  compIeK  proteid  molecule,  and  partly  because 
both  the  end  and  intennediate  products  formed  by  the  action  of 
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various  oxIUiAiii^  &nd  liydrolvsiug  ftgenia  have  becQ  ao  nunptw 
and    diverac.     Recently    some    light    lioa    l>eea    thrown    on  tta 
BubJQct    from    two  <irectionB.     On   the  one   hand,   our    knotWs 
uf    the  constitution  of   the    protoid  molecuJe  has    received  ("Q 
sideral)!e  additiiiru^,  [J^rtly  In^m  the  work  oF  Fischer  and  oUtTi 
who  have  avntUeaUed  proteid-hke  bodies,  the     poK'pepadft*.  *nJ 
partly    from    the  work    of    Koaael    and    many    others    who  han 
fltiidied    in  detail  the  hydrolytic  diBlntegrationa  of  proteid^  Ofl 
tbe    other   hand^    it  h&&   been  discovered    that     tiwuea    coutiii 
prnteolytic    and   other   fcrmenta,   whioh    presiim&blv     exert   thaei 
action  during  the  nornml  niKtabolisiu  of  I,he  Liasues,      The  autohv 
action  of  these  ferinonts  outside  the  body  on  their  correjtponJiui 
tiaauea  is  being  studieil  by  uumerous  obsorvere,  including  Leaihi.' 
KediTt,    Dakin«    l^veime,  and   others   m    Enj2;land    and    Ameri^j 
Ai  far  as  th<^  results  at  present  show,  the  producta   of    aatolyfl 
do     not  dilTer    greutly    from    thoiw    produced     by     the    dig«lli^ 
ferment*  and  other  hydrolytic  agenta. 

The  various  products  into  which  protcid  niav  be  hroken  up 
eithi?r  by  oxidation  or  by  hydrolyflis  with  acids,  aUcahco,  v 
ferments  may  he  roughly  classified  for  our  present  purpose  tf 
follows: — -(1)  The  base,  ammonia;  [2)  the  mnno-amino  aciiK 
e,'f.  glycin,  alanin.  Ieui;^Lni  aapartic  acid  and  glutamic  acid  ;  {2t) 
the  aromatic  mono-amino  aoida,  rff.  tyroain  and  pbenvl-alaain . 
{'2b}  the  mono-araino  acids,  ccntairing  eulphuT,  cvatein.  §iaA 
cystin :  (3)  the  diamine -acids,  i-.y.  urginin.  lyain,  ondtbiii,  and 
histidin;  (4)  the  ehromogenic  group,  indol  and  pjrol  denvatJV«:' 
(5)  the  puriii  and  pyrimidiu  bases;  and  (6)  the  carbohvdrsU 
group. 

The    N    of    moat    protcida    is    found    on    complete 
hydrolysis  to  he  distributed  over  the  first  three    groups  and  iol 
the    following    proportions.      By   hydroljais   of    various    pn>tcidfll 
with  acid  it  has  beerk    found  that  ammonia  N  forius    3  to   III 
per  cent.,  diamino-acid  N  20  to  ^0  per  cent,,  and  the  rnono-aminn' 
acid  N  5r>  to  To  per  cent,  of  t.he  whole,     Cohiilieim  found  that 
when  eropain  acted  upon  peptone,  made  from  eyntonin  bv  pepan, 
the  distribution  of  N  was  much  the  same  :  the  ammonia  N  formal 
7   per  cent.,  the  diarunit-n.r.id  N  ;iO  per  cent.,  of  which  a  thiri 
was  present  as  arginiii,  and  the  mono-amino  acid  N  ti3  per  oenl 
of  the  whole.     Members  of  othfr  groiJpa  beaifiea  those  of  the  firet 
three  can  be  made  choadcolly  to  yield  uiea,  which  is  thca 
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lined  indirectly  horn  protetd.  But  urea  haa  been  obtained 
Ui-ectly  from  proteid  io  two  ways,  either  by  oxidation  in  the 
itesence  of  ammonia  or  by  prolonged  heatiiig  with  baryta. 

We  shall  firat  consider  bbe  varioua  views  wliich  Ijave  been 
Id  as  to  the  nature  of  the  immediate  precursora  of  urea  in  tlie 
jody,  and  the  proceaa  by  which  their  conversion  into  urea  ia 
out^  and  then  deal  \^ith  the  seat  of  urea  forraatiou. 
Ftiforturtately  much  oE  the  work  on  this  Hiibject  ia  now  knnint 
be  unreliB-bla  because  of  the  methods  u»e^l  in  the  detection 
id  estimation  of  urea.  The  methods  of  Bunaen  and  Scl»rindorff 
rorc  extensively  uaed ;  they  are  now  only  of  historical  interest, 
id  need  not  be  further  discussed  than  to  s&y  that  there  is  no 
rantee  that  the  substance  being  eatimflted  is  wholly  urea. 
rowekifl  modification  of  Runsefi's  metlintl  is  more  watisfac- 
»ry.  For  iu  it  the  ammonia  aa  well  as  the  CO^  split  of!  from 
ihe  aeparated  substance  are  eatinaatcd,  and  if  these  two  bear 
certwn  proportion  to  each  other,  the  substance  from  whicli 
sy  are  derived  la  presumably  urea.  Even  ttie  more  modern 
method  of  Miimer  and  Sjiif|uiat  is  not  free  from  aeriims  fallacy. 
The  principle  of  the  method  is  that  a  mixture  of  alcohol  and 
ether   after  the   addition  of  a  solution  of  barium  chloride  and 

■  barium  hydrate  precipitates  all  nitrogenous  constituents  oKcapt 
urea  and  ammonia.  The  urea-nitrogen  is  determined  in  the 
concentrated  tiltrate,  after  driving  off  the  amnionia,  by  Kjeldahl's 
method-  It  is  now  known  that  hippiiric  aciit,  krcatmine  and 
traces  of  allantoin  are  estimated  with  the  urea,  and  there  is  the 
further    posaibdity  that  the  nitrogen  of    other    less    well-known 

■  substances  niay  be  simultaneously  estimated^  A  more  reliable 
method  Is  that  of  Folin.  This  is  based  on  the  fact  that  when 
utine  ia  hpatR<l  with  hydrocliloric  acid  and  rrystalline  magneaium 
chloride  the  nitrogen  of  urea,  but  not  of  other  subatanees,  is 
decomposed  into  ammonia.  The  ammonia  produced  is  distilled 
06  and  determined  by  titration.  The  preformed  ammonia  in 
^  the  urine  is  separately  esLimated  and  the  urea-nitrogen  calcnlftte<l 
Hby  difference.     Even  more  trustworthy  is  a  c^mibinatiou  of  the 

methods  of  Morner  and  FoIiUh    The  pfeliminnTV  precipitation 
^  carried  out  by  Mi)rner  and  Sjoqu[sVa  method,  and  thecorieer 
■  filtrate  so  obtained  ia  then  treated  by  Folin'a  method,    ' 
certain  method  of  detecting  urea  ia  to  spparatc  crystul* 
of  one  of  its  compounds,  and  determine  their  mehin^ 
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subject  them  to  elementary  aiialTsia.  Aa  a  method  of  cstioui- 
tion,  tho  preparation  of  utca  cryatalfi  could  yield  only  minimal 
figures. 


The  Prbcubsobs  of  Ubba 

(1)  Hofmnster's  iteit;  the  formation  of  urea  by  an  oxridation 
syntheaia, — He  showed  that  urea  w>uld  be  obtained  directly  from 
egg-albumin  or  gelatine  when  they  were  oxidiaed  with  potassium 
permangaaato  in  the  pr«acDCO  of  ammonia^  He  further  showed 
that  urea  could  be  obtained  by  the  same  method  from  cert^ia 
products  of  proteid  hydrolysis,  the  mono-amino  acide  glycin,  Icucin 
and  aspartic  acid-  It  has  not  yet  been  ahown  that  diamitio  a<^dfl 
can  by  the  same  means  be  converted  into  urea,  although  it  would 
seem  probable  that  they  could-  He  experimented  in  the  same 
way  with  a  large  number  of  aubstancea,  and  found  that  ooly 
certain  anauff^m{>nts  of  the  C  atom  would  yield  urea  when  oii- 
diaed  in  the  presence  of  ammonia.  He  found  that  the  acid  radicU 
-CHOH-COOH^or  the  amino-acid  radicle  -  CH^ .  NTT^ .  COOR, 
readily  yielded  urea,  and  that  in  certain  other  groiipa  the  aam^ 
waa  true  of  the  simpler  compounds  and  not  of  the  more  complex 
membera  of  tho  aamo  BOTioa.  Thus  with  the  —CCNH.j  group, 
fonnamide  (H.CCNH^)  yielded  urea  but  not  acetamido ;  with 
the  —  CN  group,  formo-nitrite  (H  .  PN)  hut  not  aceto-nitrite  ;  and 
with  the  —  CH->,OH  group,  methyl  alcohol  but  not  ethyl  blcohol 
From  these  various  radicles  he  supposed  that  a  radicle  —  CO  ,  NH^ 
was  produced  cither  as  oxamio  acid  (CU>  NH,.  COOHi  or  as 
formamide  (H.CO.XH^),  and  that  this  radicle  combined  with 
NH,_^,  derived  from  the  oJodation  of  ammonia,  to  produce  urea. 

H-CO,NHj,  +  NH,+  0  =  NH^.CO-NH,  +  HjO- 

This  theory  aupposea  that  in  the  body  proteids  are  broken  down 
into  mono-amino  acids  and  ammonia^  which  together  yield  ureo 
by  undergoing  further  oxidation  and  a  fi.nal  eyntheais  of  theii 
nitrogenous  producta,  All  the  conditions  neceasary  for  this  view 
are  present  in  the  body.  Tt  is  obviaua  that  urejL,  which  contains 
two  NH^  groups,  could  Dot  arise  direct  from  a  mono-amino  acid 
except  by  eome  process  of  condensation  of  two  molcculea  into 
one,  and  it  has  been  found  that  in  the  absence  of  ammonia 
oxidation  of  proteid  with  potassium  permanganate  doea  not  rictd 
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urea.  There  ia  aothing  inlierontly  improbable  ia  auch  a  ^yuthesh 
taking  place  as  a  filial  step  in  proteid  kataboTbni.  SimiUT  iinBl 
Byntheaeg  are  well  known  in  the  production  of  hippuric  acid,  the 
ethereal  aulphatea^  and  the  conjugated  compounds  of  glycuroniu 
acid- 

(2)    Dr^hteTs  view;   the    origin    of    urea   from  arginin, — He 

.       showed  that   area  coald  be  directly  produced    from   proteida  by 

I      heating  them  for  a  long  time  with  baryta.    He  fonnd  that  the 

I       intermediate  step  in  tbia  direct  conversion  was  formed  liy  a  basic 

body.  Ijaatin,  which  he   produced  by  hydrolysing  proteid  with  an 

acidt  and  which  yielded  urea  when  heated  for  half-an-hom  with 

!      bfti-yta-     Hedin  showed  that   lysatin  was  a  mixtuje   of  the  two 

hexone  baaea,  lysin  and  arginic,  and  that  the  urea  was  derived 

only  from  the  arginin,  whh;h  apLita  on  hydrolysis  into  urea  and 

I      ornithin. 

I        /""■ 

^^^B  NH  -  C^H„ .  CH  .  NH.^ .  COOH  +  B.,0 

^^^H  {Urea)  [Ornia^n) 

This  reaotion  is  of  considerable  theoretical  importance. 

It  iLaa  been  ehown  that  the  combinationa  of  C  witMn  tht* 
proteid  niolerula  occurs  probably  in  two  types.  The  first  is  seen 
in  hippuric  acid  and  the  ayiitlietic  polypeptides  of  FUchec  In 
this  typo  a  single  NH  group  unites  two  U  chains  together  and 
has  a  CO  group  nest  to  it  (1).  The  second  type  conaiata  of  a 
guamdin  group  —  NH .  C .  NH  —  which  either  joins  aa  before  two 

NH 

C  ch^na  together  (2),  or  is  at  one  end  of  a  carbon  chain  (2'). 

(1)   -CO.NH.C- 

(3)    -CO.NH.C.NH.C- 

NH 

{2')      NH,,-C\NH,C- 
NH 

Hydrolysis  of  (1)  or  (2)  by  adds  splits  off  only  the  CO  group, 
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and  the  rest  <^  the  oomlHiutioii  holds  togedter,  piodmdng  (la) 
aad(2aX 

(Ifl)  -COOH  +  NH,,C- 

(2tt)  -COOH  +  NH,C,NH.C- 

NH 
(Tb)  NH,.CO  +  N^.C^ 

As  ezampIeB  of  (la)  we  maj  take  t^  kydroljns  of  hippuiio  wid 
and  of  glyc^^  giyoiR  by  an  acod  Hippnrio  acid  is  hTdroljned  into 
bonsoio  acid  and  glycin. 

C^Hji .  CO .  NH .  CH» .  COOH + H,0 
-  C^Hj .  COOH  +  NH, .  CH, ,  COOH. 

Tn  the  same  way  glyoyl  g^^inn,  the  auiq>leBt  polypeptide,  sf^tB 
ap  into  ^ycin* 

NH,.CH,.OO.NH,CHj.COOH  +  H,0 
-  NH, .  CH, .  COOH  +  NH,  -  CH,  -  COOH- 

In  the  oase  of  (2a)  it  is  clear  that  hydrolysia  by  acid  will  haT« 
produced  a  free  aroino-aoid  and  some  combination  with  tb« 
guanidin  group.  If,  however,  the  Bubstanoe  oontuning  ths 
goanidin  group  ia  heated  with  baryta,  a  more  profound  cbai^ 
is  produced.  The  guanidin  group  itself  is  broken  up  and  ures 
fonned,  (2')  becoming  (2'6).  For  example,  guanidin  acetic  acid 
treated  with  an  acid  yields  guanidin  and  oxalic  acid. 

NH^.C.NH.CHo.COOH  +  H,0-NHa.C.NH2  +  COOH-COOH. 
NH  NH 

But  when  the  same  substance  ia  heated  with  baryta,  it  splits  up 
into  urea  and  glycin. 

NH^.C.NH.CHj.C00H  +  H^0  =  NH2,C0+NHo.CHa,COOH. 

NH  NH, 

Corresponding  to  this  difference  in  the  bydrolytic  action  of 
acids  and  baryta,  the  imidoiytic  ferments  of  the  body  may  be 
divided  into  two  groups,  (1)  Those  which  act  liko  acids, 
namely,  trpysin,  erepsin,  and  some  of  the  proteolytic  and  other 
autoiytic  tbsue  ferments.    (2)  Those    which    can    split    up    the 
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guftnidin  radicle  and  produce  urea.    Suoh  a.  femient    has  bee[[ 
described  b_r  Kosael  and  Dakin  and  called  arginase- 

Argiiiaae  in  a  few  liours  splits  argiiiin.  a  compound  o£  a 
^minidin  radicle  with  a.  amino- valoriaaic  aoid,  iuto  urea  and 
orinthio  (diamino- valerianic  acid),  Tiiia  ferment  has  been  found 
in  greatest  quantity'  in  the  liver,  in  less  quantity  in  the  IddneyH. 
thymus,  lympLatli^  gland,  and  inucuuB  membrane  o£  the  ali- 
tnentary  canal,  and  poadtbly  in  the  blood  and  muticlea.  It 
appears  to  bo  absent  Eroin  the  spleeni  auprareiiala  and  pancreatic 
juice.  ATgioaae  ia  not  capable  of  attacking  mich  suaple  proteids 
as  the  protamina,  and  ia  preHtimably  therefore  iMcspable  of 
aplilting  urea  from  the  more  complex  proteids.  Tliia  ferment 
can  explain  only  the  second  atep  in  Drechael's  view,  the  pro- 
duction in  the  tisflucs  oi  urea  from  arginiii.  But  the  protsolytic 
tissue  ferments  have  been  found  to  prodiLoe  arginin  during  the 
autolytia  decomposition  of  tissue  proteida.  It  is  possible,  there- 
fore, to  imagine  the  production  of  urea  Erorn  p  rote  id  taking 
place  in  the  tissues  in  t^vo  Htagee  as  the  result  of  the  action  of 
tvro  tissue  fermenta. 

The  posBibility  exists,  however,  that  the  tifiaues  may  contain 
a  ferment  capable  of  splitting  ofT  urea  or  some  aiich  body  direct 
from  prot*id.  For  Kossel  and  Dalcin  have  described  a  ferment 
in  the  wall  of  the  small  inteatinc  which  can  attack  the  aiginin 
groups  contained  in  a  protamin  in  auch  a  way  that  the  ormthin 
portion  of  the  arginin  remains  attached  to  the  reat  of  the  protcid 
molecule.  It  is  not  yet  known  in  what  form  the  guanidin  radicle 
of  the  arginin  ia  split  off,  whether  as  urea,  guanidin.  or  some 
similar  body,  nor  have  they  yet  shown  whether  this  ferment  can 
attack  in  the  same  way  prolcida  more  complect  than  protamine. 
Kutecher  and  Otori  have  shown  that  guanidin  is  produced 
during  the  autolysis  of  the  pancreag,  presumably  by  the  action 
of  a  ferment.  They  have  foimd  that  it  h  also  produced  when 
gelatlJie,  argjnin,  or  guauin.  derived  from  nucleo-proteid>  are 
oxidised  with  a  pemianganale.  They  suggest  that  it  is  a  pr<iduct 
in  normal  tiseue  metabolism  and  might  have  throe  poeaiblo  fat^ 
in  the  body.  It  may  pass  out  unchanged 
to  now  have  escaped  detection  ;  it  m°^ 
poasibly  by  arginase ;  or  in  the  t 
into  kreatin.  for  in  them  arginaf 
nly  in  very  amaH  quantity. 
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It  h&s  been  laciitly  atwiiDied  that  Autolysis  reprwientA  a  nand 
tissue  njelatioliam.  and  that,  if  ft  substar^ce  ifl  formed  dndni 
EtutDlyaid,  we  maj  believe  that  it  occurs  alao  during  nitrogdUM 
Ijataboliflm  in  the  living  body.  This  idea,  although  not  anJvtTBAllT 
araeptedT  is  in  the  present  etate  oi  our  knowledge  justitiable,  Thw 
srgininH  bke  the  amino  auida,  JA  formed  during  &iitol3~sis,  ^ad  it  lA 
bv  found  m  the  urine  during  phoaphorus  poisoning-  From  Utia  wf 
may  inEer  that  arginiu  is  an  intermediate  product  of  xiQnxLal  mcU- 
bolisni  whit'h  urdor  these  circumstanecs  haa  fai)^  to  be  ccnverted 
into  ita  ufluft!  end  product.  ur?a. 

The  posaibiiity  and  Ukeliliood  of  urea  being  formed  in 
tiaauefi  in  accordance  with  Drechaers  view  has  been  amplv 
monstrated.  We  liave  to  ccnaider  novr  what  proportion  ni  l!ff 
total  urea  has  thia  origin.  The  available  data  are  aa  foil 
We  have  already  conmdared  the  distribution  oC  arginaae  in 
tiesuee^  Arginin  has  been  demonstrated  among  the  producta 
the  aut«1yms  of  almost  evi»ry  tissue  Tt  baa  been  missed  in 
case  of  the  kidriey.  thymus,  and  wall  of  the  alimentAiy  canal, 
as  theat  are  now  known  to  contain  arginaae,  the  abaencir 
apginin  may  be  only  apparent,  Koaael  has  sbomi  that  the  p 
proteids  of  beef,  mJIk,  or  bread  when  hydrolyaed  by  acidc 
about  5  per  cent,  by  weight  of  arginin,  and  would  therefore  yi 
less  than  2  per  rent,  by  weigbt  of  urea  from  arginin.  Leyepne 
has  found  that  bver  bydrolyaed  by  acid  yields  about  0'5 
cent,  by  weight  of  arginin.  and  that  pancreas  and  spld^i  vi 
about  half  that  amount.  From  such  data  it  is  impoeaiMe 
answer  the  above  question ;  we  do  not  know  bow  much  ii»a 
formed  in  the  body  in  this  way.  but  it  does  noi  seem  likely 
there  is  enough  arginin  m  the  body  bo  yield  a  very  liigli  propor- 
tion of  the  total  urea.  It  has  been  found  that  during  complel* 
starvation,  when  the  body  proteids  are  being  useti  up,  the  ure«- 
nitrogen  may  form  only  15  per  cent,  of  the  total  nitrogen  in  the 
urine.  It  appenrH,  therefore,  that  the  endogenous  formation 
urea  cannot  be  a  very  important  oitc.  Drechsel  calculated 
less  than  4  out  of  the  34  grm.  of  urea  theoretically  obtmiu' 
from  100  gnn,  of  proteSd  could  be  formed  from  arginin,  and 
fliaied  a  second  view  to  account  for  the  formation  o( 
balant^. 

Pi    TyrecfiFpTa   vtrw :    urea    from  ammi>nmm   carljanmt' 
pointed    out    that  when    free    ammonia  (NH^)  unites    r 
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mmoniam  carbamate  is  produced,  [t  haa  been  found,  however, 
that    wlien    sotutiooB   oE    ammonia    (Nll^OH)    are    mixed    with 

luble  carbonated,   little   or  no  carhamate  but  carbonate  lb  pro- 

uced,  unless  t-he  ammonia  solution  be  in  great  excGsa.  Amraonium 
arbamate    ih    also    produced    wlion    proteid.    moiio-aamio   acida> 

rtoric  or  oxalic  acid,  aie  ojddiaed  according  to  the  niethotl  of 
Hofmeister  with  a  permanganate  in  the  presence  of  ommonia 
olution.  Ammonium  carbamate  caii  be  converted  mto  urea  by 
heating  it.  to  135°  C.  Drechael  carried  out  the  ccnveraion  at  a 
low  temperature  by  paaaing  an  alternating  electric  current  through 
ito  aolution;  this  produces  an  alternating  oxidation  and  reduction 

cording  to  the  following  Eormuloj— 


NHp-CO.NH^-l-O    =  NH,.O.CO,N'Hj  +  aA 
NH.O.CO.XH.n-j-Ha-NHj'CO.NH^  +  H^O' 


There  is  no  neceesary  antagoniam  between  this  view  of  the  origin 
of  urea  and  that  of  Hofmeiater.  Ammonium  carbamate  might  arise 
by  a  process  of  oxidative  hyntheaia,  ami  thia  be  auhsequently 
dehydrated  into  urea. 

There  can  be  Uttle  doubt  that  carbamates  are  a  constituent  of 
the  normal  body:  but  all  the  quantitative  estimations  made  are 
now  known  to  be  unrehable  because  Drechaera  method  of  esti- 
miLtion  is  o|)en  to  the  obji?ction  that  carbamate  may  he  foru^ed 
during  the  manipulations.  Maclood  and  Haskina  have  lately 
published  what  promiaoa  to  be  an  accurate  method  of  catimation, 
but  it  has  not  yet  been  applied  to  the  elucidation  of  this  subject. 
Cirbamates  have  been  found  iu  trachea  in  the  blood  serum  and 
urine  of  normal  dogs,  and  in  considerable  quantities  in  the  alkaline 
urine  oi  the  horse.  Large  quaatitiea  have  been  found  in  the  urine 
of  dc^  which  had  been  fed  on  lime  until  their  urine  woa  alkaliue 
to  htmus.  Apart  from  the  theoretical  possibility  that  ammonium 
carbamate  could  he  a  precur&or  of  urea,  the  only  experimental 
evidence  vbicb  supports  it  ia  that  aSoEdcd  by  Pawlow. 
Massen,  Hahn,  and  Neneki.  Tliey  ehowed  that,  after  au  Eck'a 
fialula,  an  anaatomoais  between  the  portal  vein  and  inferior  vena 
cava,  had  been  establiHlitH.1  in  dogs,  and  especially  lE  the  hepatic 
artery  was  tied  as  well*  large  quantities  of  carbamate  w©n>  present 
tiie  urine  and  the  urea  was  reduced. 
(4)  Schmicd^effj's  i?iew;  Origin  of  Urea  from  Amw 
-, — rt   has  been    ahowii   that  ammonium   carban^ 
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produced  artificiaUy  from  proteida,  and  that  when  he&ted  to  140'  C 
it  lows  two  molecules  of  water  and  is  conveTted  into  urea, 

H0\  NH^O\ 

C0  +  2SHj=  C0-H,O 

ho/  NH,0/ 

[Amm'mitim 

carffonate) 


NH,0\ 

CO- 
Nflj/ 

-H,0 

NH,\ 
=        -    CO. 
SHj/ 

{Ammonium 

(r.^) 

carbfunaU) 

According  to  this  view  the  N  in  such  a  group  as  CHg— NHt  ii 
the  amino-acid  la  converted  into  ammonia^  combines  with  car 
bonate  acid  to  form  ammonium  carbonate,  and  is  dehydrated  int 
urea^  A  similar  terminal  syntheaia  with  loss  of  water  is  knowi 
to  take  place  in  the  production  of  hippuric  acid  from  benzoic  aci 
and  glycin.  There  is  no  neceaaary  antagonism  between  the  view 
of  Schmiedeberg  and  Drechael,  for  ammonium  carbamate  could  b 
looked  upon  aa  an  intennediate  product  in  the  dehydration  c 
ammonium  carbonate  to  urea. 

We  have  abundant  evidence  that  ammonium  salts  are  coi 
stantly  formed  in  the  body,  and,  being  highly  poisonous,  are  con 
verted  into  a  relatively  ijinocuoua  body,  urea.  Ammonia  is  forme 
during  the  autolysis  of  tissues,  arterial  blood  contains  0-4  mgi 
per  cent.,  the  urine  contains  only  small  quantities,  and  not  mor 
than  about  5-10  per  cent-  of  its  total  nitrogen  is  present  a 
ammonia-  When  the  liver  ia  put  out  of  circulation  or  extensivel 
destroyed,  the  ammonia  content  of  the  blood  and  urine  is  increase 
and  the  urea  decreased.  Schroder  has  proved  that  ammonium  salt 
circulated  through  the  surviving  liver  of  a  dog  are  converted  int 
urea-  He  found  that  not  only  the  carbonate  but  any  amnioniui 
salt  whose  acid  radirle  could  be  oxidised  in  the  body,  such  aa  th 
fornmte,  lactate,  citrate,  and  acetate,  was  converted  into  uret 
We  have,  therefore,  conclusive  evidence  that  ammonia  is  one  ( 
thf  inimcdiflte  precursors  of  urea,  but  we  have  no  evidence  whic 
shows  how  this  conversion  \a  carried  out,  and  whether  it  tak< 
place  bv  an  oxidative  synthesis  or  by  a  process  of  dehydration. 

(">}  Origin  of  Urea  from  Ammonium  Cyanote. — This  salt  ha 
been  produced  artificially  from  proteid,  and  Wohler   made  th 
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HckssicAl  dJHCDTery  that  it  beranie  t^otiverted  into  urea  gradually, 
Hftt  ordinary  temperatures,  and  at  once  at  100'  C.     Dij   amnionia 
■andcyaiiic  acid  (CN. OH)  tcpetW  produce  ammumum  cyanate, 
HjAtid  the  view   auppo&ca   tbat  during  proteiJ    kataboliam  in   the 
Bbody  these  two  fiubatancGH  are  formed^    Cyanates  are  produced 
Hby  the  oxidation  of  cyanid^a,  and  several  obaerveri^  have  obtained 
^pmaBie  add    during  the   itxiflatioii  of    prnteid-     Pliirimer  has   re- 
cently shown  that  many  proteida  when  oxidised  with  equal  parts 
of  strong  nitric  and  sulphuric  acida  yield  conatontly  more  than  O'ri 
per   cent*    by    weight   of   pruasic   acid.     He    further   shewed  that 
the   produtts   of  hydrolyaia  of  the   proteid  gave   the   same   yield. 
He  fourid  tbat  the  prutisic  acid  came  neither  from  the  mono-ammo 
acids  nor  the  bulk  ol  it  from  the  bexone  baaea,  and  he  was  unable 
to  determine   its    oripn   further   than    by   showing   that   t^ioein 
yielded  appreciable    quantities.     Oxidation  of  the  i&Tde    proteid^ 
with   chntmic  acid  gave  constantly  a  greater  yield  than  oxidation 
with  the   lutric  acid  mixture,  and  in  -this  oase    he  was  able  to 

■show   that  none    of   the    pruaaic   acid  aroae   from    tyrosin    but 
ohietiy  from  the  amino-acida,  glycin  and  aspartic  acid. 

Although  this  view  is  cbemicaJy  possible,  it  lacks  the  necessary 

phyaiologieal  evidence  that  cyanates  do  occur  in  the  body. 

^K         Besides  arginin  and  the  various  ammcnium  ccunpounda  already 

^boikBidered.  there  arc    other   in ti^r mediate  prcxlucts  of   nitrogt^iioufi 

^niAtaboliam  which  can  be  converted  into  urea  by  chemical  means, 

and  which  are  either    possible  sources    of    urea  in  the  body  or 

are    already  known    to  be  converted  into  nrea  or  some   similar 

substance. 

H        (tf)   Thr  UaiW'iriumft  Acids. — There  are  two  placea  in  the  body 

where    morio-anuno   acids  might  be    formed   from    proteid,    the 

ahmentary  canal  and   the  ttssuos.     hi    the    ahmeutar^'   canal   we 

know  that  these  bodies  are  produced,  and  we  have  already  seen 

that  erepsin  can  outside  the  body  convert  more  than  GO  per  cent. 

of  the  iiilrogen    of  peptone   into  the  form   of  niono'smino  acid; 

but  we  have  no  information  to   what  extent  thia  change   goca 

on  during  normal  digestion.    Since  normal  urine  contains  at  most 

traces  of  these  bodies,  it  seems  likely  that  any  amino  acid  pro< 

^Lduced  in  the  alimentary  rana!  niiiBt  he  eitber  synthp^ised  during 

^B^hAorption    and    made   u»e  of  by  the  }'*vtv   i>r  else  excreted  aa 

^HkAfl   other    mjbstonce*     Tliero   Aft  '  m   ua   show    thflt 

^Rnycin,  leuciD,  or  aspartic  acid  .  '  -.   the  [nouth 
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are  excreted  in    tlie  urtue  aa  urea  when    estitiiat«l  by 
method.      Salkowsld,   using    hi  a    own    jiiodifipation    of    Bun 
melbod,  ha«  recently  ahowii  tliat    aapartic  acid  introduced 
the  stomaeb  of  a.  rabbit  is  excreted  cbJetiy  ab  urea  and  not 
the  correspondiQg  amide,  aApiiriigin,     But  some  of  the    aspard 
acid  absorbed  was  ext^reted  iu>t  as  urea  but  probably  UTialten 
Altbougli  we  cftu  bu  certain  that  tnouo-amino  acid  absorbed  fn 
the  alicoentary  canal    ia   excreted   mainly   qa   urea,  we    ore   ccw 
pletely  in  the  dark  as  to  liow  much  of  the  urea  hoA  tbia  origin 

We  know  but  little  about  tbe  production  of  mono-ami 
acids  in  the  tiaauea,  They  occur  abundantly  during  the  aiitoly 
of  organs,  and  their  formation  haa  been  ascribed  to  the  acti 
of  proteolytic  tieaue  ferment-a,  rcaembliog  trypsin.  Vernon  I 
lately  described  tiasue  ferments  which  resemble  erepstn  in  tb 
action — t.e.  they  are  inr^apabio  of  attaeking  most  native  proteii 
but  are  able  to  hydrolyae  albumosea  or  peptones  into  mnn 
amino  acids,  ammonia  and  diamino-acida.  He  found  th€ 
mo:^t  plentiful  in  the  kidney,  Jntealinal  mucous  metubiQi 
pancreas,  spleen,  and  bver;  but  tbey  were  present  in  the  hea; 
muscle,  brain,  and  all  other  ti^^ua^  investigated.  We  are  boiin 
therefore,  to  believe  that  the  formation  of  nicno-amino  aci 
reprcaenta  an  important  step  In  the  disintegration  of  tiaai 
protcid,  and  coiiaeqiicntly  in  the  ultimate  production  of  ur 
from  proteid. 

We  have  some  evidence  how  a  mono-amino  acid  is  furth 
dealt  with  in  the  body  in  tlie  proceaa  of  its  conversion  in 
urea.  We  bava  already  dealt  with  tbe  chemical  possibility 
fxempltiiod  in  the  vjcwe  of  Hofmeieter.  8chmiedeberg,  ag 
Drecbsel,  Jacoby  found  that  a  water  extract  of  freab  livi 
tissue  miied  with  a  mono-amino  acid  converted  it  into  ammoni 
Lang  greatly  eituuded  theae  observations.  He  pounded  up 
various  organs  with  salt  solution,  toluol,  and  the  substance 
be  investigated.  He  showed  that  beaidea  the  liver  many  ot 
organs^  such  as  the  kidneys,  pancreas^  wall  of  the  alimen 
canal,  Ac,  were  capable  of  converting  tbe  NH^  group  of  gly. 
into  ammonia.  He  further  showed  that  tbe  same  was  true 
many  other  amido  aubstancea.  such  as  t^-roeiu,  aaparagin,  ^lutan 
»tp.  Tbcflo  experiments  suggest  that  the  power  of  tiaaues 
convert  the  NH^  g^'^i^P  <^f  ^  mono-amino  acid  into  ammonia 
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probably  due  to  a  tiaflue  ferment.  Salaskin  and  Kowaleaky  have 
shown  chat  when  gtycin  ie  injected  into  a  systemic  vein  of  a 
dog,  only  a.  small  part  appears  unaltered  in  the  urine.  The  reat 
Aoon  disappears  fium  the  blood  and  is  not  to  be  found  in  the 
tisaues.  And  as  the  ammonia  content  of  the  blood  is  increased, 
they  suggest  tbat  the  tissues  bave  probably  converted  the  ^lycin 
into  some  ammoniuin  compound.  There  are  several  patholo^cal 
conditions  of  the  body  in  which  mono-amino  atida  are  excreted 
in  the  urine.  The  best  koowu  of  these  Is  severe  destruction  of 
the  liver,  such  aa  occura  in  the  acute  yellow  atrophy  of  that 
ofgan.  But  there  are  other  more  general  conditions  known  in 
which  the  same  thing  occurSj  snch  as  gout,  phosphcrua'poisoning, 
pnemnonta,  and  leucocythaemia.  This  suggests^  like  the  experi- 
ments of  Lang,  that  the  conversion  of  this  amido-N  into  acunonia 
is  a  propert}'^  not  of  a  single  tUsue,  the  liver,  but  of  the  tissuee 
in  general, 

(h)  Thf  Diamino-Adds. — We  know  that  they  are  formed  froro 
proteid  both  by  the  digestive  fennenta  and  during  the  autolyaia 
of  organa.  We  have  but  little  information  aa  to  their  fate  in  the 
body,  with  the  exception  of  argiain.  More  attention  has  been 
paid  to  the  possibility  that  their  non-nitrogennns  part  may  be 
synthesLSf-d  into  a  carbohydrate  than  t-o  the  fal^  i>f  tliPir  nitrogen- 
Mayer  has  e;q)eriinented  with  diamine -propionic  acid-  Ue  injected 
it  Bubcutaneoufily  Into  a  rabbity  and  was  able   to  Uemonstratfi 

This  reaction  entails  the  splitting  ofl  of  amide -nitrogeji  as 
ammonia,  and  this  presumably  would  be  i-onvtrtttl  inti)  nrea. 
The  reaction  also  illustrates  the  power  the  tissuea  have  of 
flplittjng  off  the  amido-nitrogen  from  comparatively  complex 
bodiea  without  necessarily  at  the  aame  time  breaking  up  their 
non- nitrogenous  portiona,  Thonipaon  baa  recently  brought  forward 
proof  that  a  diamino-aeid  is  converted  into  urea  in  the  body. 
He  fed  dogs  with  arginin,  and  also  injected  it  subcatatieouAly,  and 

2u 


: 


CH^.NH, 
CH.  NH, 

aooH 


2H^0 


CH^.OH 

CH  .  OH  +  2NH, 

COOH 
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iound  that  from  70-^5  per  c^ut.  of  it«  nitrogen  wu  envMid 
in  tlie  uriue  as  urea.  Since.  03  we  liave  seen,  ar^glnln  ia  tfk 
into  urea  and  omitUiD.  and  each  of  theee  contaiiui  half  d  tbi 
a [pnin -nitrogen,  it  ia  clear  that  a  large  part  of  the  omitiii& 
mlrcgen  mu^t  be  eiereled  as  urea,  Thompson  haa  aiDce  ^on 
that  omithin  injected  iatraveooiiBly  reappears  in  the  flv^^  is 
part  at  any  late  aa  area. 

fc)  r^^  J*unn  and  Pyrimidin  Bates. — These  bodies  are  pro- 
daced  during  the  autolysis  of  glandular  organs  ;  they  arv  vv 
obtaia&d  by  the  hydrolysb  with  acids  of  nudeo-ppot^ida,  andui 
known  to  be  derived  from  the  nucleic-aoid  portion  of  ibv 
proteidfl- 

The  pyrimidin  basos,  cytosir.  tbymin,  and  iiiscU,  as  lfc(tf 
fonuuh)^  show,  have  an  obvious  r&lfition  to  the  putia  bo<h» 
For  purin  can  be  synlheaised  from  pyrimidiD,  coiiBeqiieoUy  iht 
pyrinLidm  rbg  Ja  contained  withio  the  purin  ting. 


N     -CNH,  NH-CO  NH-CO     NH  -  CO 

I  [  II  I'll 

CO     CH  CO     CCH,  CO     CH    CO      C^NH\ 

I         If  I         II  I         II         I  II  CO 

NH-CH  NH-CH  NH-CH     KH-C^NH/ 


-CH 


NH-CH 

{Thi/utin) 


{Ura^ii)         (Uric  ociVT) 


We  knew  nothing  about  their  production  lu  the  body,  but  it 
pm(hii)le   that   they  represent   a   stage  in   the    dis integration 
aynthesiG  of  the  puiin  bases,     ThyniiiL  and  uracil,  as  their  fonni 
sugjfeat,    have   been   syntheeised  from  uroat  find    might    pn^blr 
yield  urea  in  the  body,  hut  as  yet  we  know  nothing  of  tfae  f^B 
of  their  fiitrogen.  ^B 

The   purin    bases,  adenin.  guanin,  hypoxanthin.  and  xanthin. 
although   they  occur   plentifully   during   the  autolysis  of   tianv 
nucleo'proteids^  are   largely    replaced  m    the   urine     by    angl 
purin  base,  uric  acid.    The  total  parin  N  in  the  urine  may 
amount   ttj  mure  than  1   to  ;?  per  cent,  of   the   whula  tirinary] 
It  haft  two  origins,  the  purina  of  the  food  and  the  diainu^gratii 
of  uuobo-proteid  ia  the  body.    The  possibiUty  of  one  ju^  alu 
having   a  aynthetic  origin  in    mammals  as  in  birds  need  not  |H 
considered  here.     By  placing   a    man  on  a    purin-free   diet   it  fl 
found  that  the  endogenous  purin  N  in  the  urine  rapidly  becomes 
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pSDstant  IE  quantity  and  fcmns  about  a  half  to  two-thirda  of 
the  tcstnl  uiuiary  puriiiG  excreted,  by  the  same  mBn  on  a   mixei} 

diet.  But  the  amount  of  exogenous  puiin  found  in  the  urine  is 
much  k«a  than  that  in  the  fcxxi.  Burian  and  Schur  showed  that, 
when  a  known  quantity  of  a  piiiin  was  given  by  the  mouth,  a 
man  ejccretod  50  per  cant.  o£  it.  a  rabbit  16  per  cenl.j  and  a 
dog  only  b  per  cent,  of  the  amount  introduced.  They  further 
fDund  that,  with  the  exception  of  the  methyl  derivatives  of 
purin,  whichever  purin  hody  was  given  it  was  excreted  in 
the  urine  oa  urio  acid.  From  this  they  concluded  that  the  uric 
acid  formed  from  the  exogenous  puiins  of  the  lood  ifl  largely 
destroyed  in  the  body.  Probably  the  same  ia  true  of  tha 
endogenous  purius  aUo,  but  it  is  much  more  difficult  to  demon* 
titrate  especi  mentally.  Perhaps  the  moat  coEvincing  evidenco 
for  this  suppoaition  is  the  fact  that  many  tisauea  posaeas  fermenta 
which  can  convert  the  various  purina  into  urio  acid  and  further 
break  it  up^  Schlttenhelm  found  that  watery  extracts  of  the  liver, 
epleen.  luiiga,  and  muscle  poaseaaed  fermente  which  converted 
adenin  into  hypoxantbin  and  guanin  into  xantbin,  and  thou 
these  into  uric  acid.  He  found,  like  previous  ohaerveis,  that 
the  hver,  kidney,  and  muade  possess  a  ferment  or  ferments  vhicti 
can  break  up  uric  acid. 

It  fieema  pretty  clear  that  the  puria  N  in  the  urine  does  not 
rq)reflcnt  the  total  purin  N  metabohaed  in  the  body,  and  there 
can  he  no  doubt  that  the  bulk  of  the  rest  of  the  metabolised 
purin  is  e?fcretec]  as  urea  in  mammals.  The  older  experiments 
Are  net  conc^iuHire  because  of  the  methods  of  urea  estimation 
used.  Salkowski  has  given  uric  acid  by  the  mouth  to  a  rabbit 
and  found  that  the  greater  part  of  the  absorbed  urio  acid  waa 
excreted  as  actual  urea,  a  smDll  portion  unchanged  and  another 
tunall  portion  posmbly  as  sllantoin.  It  is  not  known  what  pro- 
portion of  the  whole  urea  is  thus  produced  from  m-ic  acid,  but 
it  is  not  hkely  to  be  large,  For,  the  purin  content  of  food  is 
compararively  small,  and  the  total  quantity  of  nueleo-proteid 
metabolised  in  th^  tissues  ia  Ukely  to  be  small  when  compared 
with  that  of  other  proteJds,  A 

It  ia  recessary  to  consider  the  chemical  i*l  '^ 

the  breaking  up  of  one  acid.    The  etrua^ 
that  urea  might   be   obtained    from  i* 
pyrimidin  bases.     This   can    be   r^ 


en 

oxidation  and  hj-drolyaia,  wlien  mea,  oxalio    acid  ftnd 
finflUy  produead. 
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A  different  decomposition  of  uric  acid  is  brought 
heating  it  witli  strong  hydrochloric  acid  in  sealed  tnl 
170"^  C.>  when  it  is  apltt  into  gljcin,  ammonia,  and  OC 
Beems  likely  that  tho  splitting  of  uric  aoid  by  the  tissue  fi 
resemhlea  this  last  mode  of  decomposition,  but  the  infoci 
on  the  Bubject  is  as  yet  meagre.  It  haa  been  sho«l 
ammonia  lh  produced  vheu  uric  actd  is  decoinpoaed  with  ej 
of  liver,  kidney,  spleen,  and  musclf;.  It  has  alao  boflf 
that  when  nhc  acid  is  digested  with  kidney  a  formation  SI 
takes  place.  We  may  conclude  proviaionally  that,  whei 
acid  is  converted  into  urea  io  the  body^  the  immediate 
of  the  urea  is  ammonia. 

id)  Ereatin  and  Kreaiinin.—UhGy  deserve  a 
connection  because  they  bear  such  an  obvious  chemical  t 
to  urea  and  are  formed  abundantly  in  the  body.  Kr&alin  (n 
guanidm  acetic  acid)  is  split  by  boiling  with  alkalies  int 
and  aarcosin.  Muscles  contain  about  O'-t  per  cent,  of  kreat 
krcatintn  together,  and  after  severe  muecular  exercise  or  xmi 
starvation  this  figure  may  be  more  than  doubled.  It  m^ 
calculate  that  the  mnsclea  of  a  man  may  contain  a  ff9 
more  than  50  grm.  of  these  substances.  The  f^uantitv  o\ 
euhstancbs  in  the  urine  is  about  2  gno.  a  day,  and  it  seenu 
that,  aa  in  the  case  of  uric  acid,  the  urinaiy  kreatinin  hi 
distinct  origins,  ao  exogenous  and  an  endogenoos.  Kreatm 
by  the  mouth  to  man  ia  excreted  as  kreatinin  in  the  orii^ 
ia  cettain  that  in  meat'eatera  some  of  the  urinarv  IcrjJI 
derived  from  thc^  meat  of  the  food.  But,  in  labbit^  retwnfe ; 
ment&  have  failed  to  show  that  more  than  a  minute  poil 
the  kreatin  administered  was  excreted  as  kreatinin, 
the  balance  could  not  be  found  in  the  urine  either  aa 
urean  or  uric  acid. 

Folia  haa  recently  investigated  the  excretJon  of  krea1 
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e  ID  man  on  &  meat-free  diet.    He  ioimd,  like  Maclcod,  that 

e  excretion  was  etiU  considerable,  about  1"5  Rrm.  a  day,  and  that 

s   endogenous  kr^atinin  was  constant  for  the  individual  and 

uite  iude pendent  of  the  total  nitrogen  of  the  food.    In  different 

viiuals  the  total  amount  of  eadogenoua  kreatinln  excreted 

ppcara  to  be  determined  by  the  body  weight  and  by  the  fatnesa 

thinneaa  of  the  peraon,  the  excretion  per  kilo  of  body  weight 

ing  lesa  in  fat  than  thin  persons.    It  aeema  probable  that  hard 

uscular  exercise  whieh  incre^aaes  the  kreatin  content  of  muHcle 

o  increases  the  excretion  of  kreatinin  in  the  urine.    From  theao 

fbaervationa  it  acema  clear  that  flome  o£  the  kreatin  or  kreatinin 

muflclss  leaves  them  unchanged  and  ia  excreted  aa  kreatinia. 

lit  considering  the  qjantity  present  in  the  muscles  as  a  whole,  it 

uld  j^eein  a  priori  likely  that,  as  in  the  caae  of  uric  aoid,  the 

cretion  of  kreatinin  doea  Dot  represent  the  total  formation,  and 

at  kreatin  leaves  the  muecles  also  in  some  other  form-     It  doea 

t  seem  likely  that  kreatrn  leavea  the  muscles  partly  as  urea,  for, 

ite  apart  from  the  r^uestion  whether  the  muactea  can  form  urea 

aU,  they  contain  but  little,  in  fact  less  than  tlie  blood-     From 

analt^y  we  should  imagine  that  musclea  would  contain  a  ferment 

capable  of  epUttiug  off  the  amido-uitrt^n  of  theao  Buhetancca  aa 

ammonia;    but  there  la  no  evidence  in  favour  of  aueh  an  idea 

except  the  fact  that  muscles  a[ipeaF  to  produce  ammonia  in  large 

quantities,  aa  ia  shown  by  the  efitimatioii  of  the  ammonia  content 

of  blood  going  to  and  from  maasea  of  muaclee  and  of  the  muaclea 

thcniBelvea- 

On  the  other  hand  kreatin,  as  its  formula  showa^ 


nh=o-n-ch,.coob: 


although  chemically  not  unlike  a^inin,  is  peculiar  in  that  it  ccn- 
tains  the  group  i       \       V  which  the  body  apparently  cannot  easily 

deal  with-     Thus  glycfn  ia  converted  in  the  bodv  into  urea,  l» 
its  methyl  derivaiive,  sarcosin,  is  excreted  unchanged.     ' 
proteida  do  not  jield  ktc^tin  on  autolysis,  poaaibly  b 

do  not  posacse  the  necesaary        |       I  group,  bub  m 
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knt&tiii,  presunuibly  because  it  contains  the  necssa&ry  meth^lAted 
N,  It  would  be  pofiaible,  therefore,  to  look  upon  krcatin  &s  & 
normal  metabohte  of  muscle  protcid  which  rcsiated  furthf^r  change 
in  tbe  body  excepting  dehydration  ;  and  If  it  could  be  ahown  that 
kreatin  poa^essea  a  physiological  action,  it  mtghtn  explain  why  auch 
conapafatively  small  quantitiefi  of  kreatin  ahoutd  leave  ttc  body. 
Again,  there  is  the  further  posaibitity  that  kreatin  \a  b.  substance 
developed  de  nt^fo,  like  adrenahur  in  muscte  by  sj^tbeau  of 
guanidin  in  order  that  it  may  exert  a  phyfliological  aetion.  It  hut 
been  ahown  that  it  increaaea  the  irritability  of  the  motor  nerve 
endings,  and  guamdia  that  of  the  muflcle  fibres.  It  aeema  poeable 
that  when  the  nerve  impulse  reaches  a  muatle  it  may  set  up 
chemical  c;hangea  there  with  the  production  of  subatancea  which 
iucrease  the  excitability  of  nerve  and  muHcIe.  Such  eonaideration* 
raise  a  doubt  whether  it  is  aeceesary  to  believe  that  endogenona 
kieatin  does  leave  muacb  oa  something  otbei  than  kreatin  &nd  u 
a  precursor  of  urea. 


The  Seat  of  Formation  of  Urea 


That  portion  of  urea  which  ie  produced  direct  from  argmin 
muat  have  ita  seat  of  formation  limited  to  the  diatribution  of 
ar^nase.  This  ferment  has  heeti  found  in  the  liver,  Iddnoya, 
thymus,  Ijinphatic  glands,  and  mucoua  metubraue  of  tlie  aliraentarr 
canal ;  it  ia  abaent  ffom  the  spleen  and  suprarcnala,  and,  moab 
significantly  of  all,  the  muscles. 

We  have  now  to  deal  with  the  Beat  of  prodnctioo  of  urea 
from  ammonium  compounds.  It  might  have  l>een  expected  that 
oi^anfl  which  arc  the  seat  of  urea  formation  would  coatain  on 
analyaia  more  urea  than  those  in  which  no  such  formation  was 
taking  place.  Many  of  the  older  analyaea  have  shown  that  the 
liven  contained  more  urea  than  other  argana.  SchondorS  was 
unable  to  confirm  thia.  Iq  the  case  of  a  dog  fed  on  meat,  be 
found  that  the  blood  and  al!  the  other  organs,  including  the  liver. 
contained  the  same  percentage  of  urea^  namely,  0'12  per  oeot. 
There  were  only  two  marked  exceptioiia ;  the  muscles  with  0"08 
per  cent,  which  was  lesa  tJian  the  blood,  and  the  kidneys  w^ith  0'6" 
per  cent.j  which  was  much  higher,  and  probably  to  be  accounted 
for  their  being  the  seat  of  excretion.  Schioder  was  the  fint 
observer  who  made  a  systematic  eiperiraeTital  investigation  of  tbe 
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jKwnble  86£ta  of  urefi  formation^  using  methoda  of  eatimation 
whi(?h  were  concJiuive  m  to  tlie  presence  of  urea.  He  obtBined 
a  positive  result  with  one  organ  only,  the  liver. 

The  Formalion  of  Urea  in  the  Livtr.  —Schroder  circulatwl  tlirough 
the  surviving  liver  cf  a  dog  blood  to  which  ammomnm  carbooato 
or  formate  bad  b«en  added.  The  urea  in  the  blood  was  estimated 
after  the  blood  Jiad  beefi  cireukted  ODce  through  the  liver,  in 
order  to  wash  out  any  urea  present,  and  again  a.fw  circuJating 
for  four  houre^  In  most  of  bia  experiments  he  estimated  the  urea 
hy  Bunaen'a  method,  but  in  one  experiment  he  aeparat^d  it  as 
crystals  of  urea  nitrate,  and  demooatr&ted  Enally  that  the  liver 
can  fonn  urea  fraiu  ammoDium  salts.  In  this  experiment  he 
found  that  the  blood  had  gained  I  gim.  of  urea,  repceaenting  an 
increase  of  22U  per  cent.  Schtoder'a  experiment  has  been  ex- 
tended to  the  herbivcra>  and  found  to  give  the  same  result  in 
the  sheep. 

We  have  already  seen  that  aome  of  the  intermediate  products 
of  protcid  katabolism  are  converted  into  ammonia^  not  only  in 
the  Lver   but  also  in  other  tioauee.    The  question   arisen,   doca 
much  N  reach   the  liver  in  the  form  of  aoimoma,  and,  if  so, 
from    what    tissues    does    it>  come  ?     Analyses  of  the  ammonia 
content   of  the    blood    from    different    parta    of    the    body    by 
Hoiodynaki^  ^Sala^kin,  and  Zalcaki  have  thrown  light  on  the  anawer 
to   thia   question.      According   to    their   analyses,    arterial    blood 
contdins  about  0'4  mgr,  per  cent,   of  ammoma.     The  blood  from 
a  peripheral  vein  contains  about  twice  aa  mnch  as  the  correspond- 
ing artery,  and  muscles  contain  even  more  than  the  venoua  blood. 
From  this  it  seems  clear  that  muscles  manufacture  ammonia  and 
give  it  o9  freely  to  the  blood.    They  also  found  that  the  portal 
blood   of    ft    starving    animal    contained    three    times    aa    much 
ammonia  as  the  blood  in   the  hepatic  vein  or   an  artery.     When 
the  animal  was  fed  on  meat  t^e  ammonia  content  of  the  j>ortal 
blood  was  four  to  five  times  greater  than  that  of  the  blood  in  the 
hepatic  vein.     The^  experiments  ahov  that  th» 
ammonia  from  the  blood,  and  that,  besid'* 
the    portal    area    is    an    important    «oi- 
might  have  two  orij^nA,  the  biaoue  of 
proteid  food.      We  biow  that  the  di^ 
erepain  can  outside  the  body  form  an: 
do   not  know  to  what  extent  they  ( 
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in  tlLe  ammoDiB  of  the  portal  blood  frDin  1*3  mgr^ 
during  fltftrvatioD  to  I'S  during  the  digestion  of  protf^ida 
be  accounted  for  in  this  way ;  but  it  b  not  the  oiily  poidl 
HDrod}iisk'i,  Salftslci.  ftitd  Zaleaki  fonnd  thar  the  pancr«^ 
mucous  raembiane  of  the  atomAcli  and  [nteatlne  oonui&j 
higher  percentage  of  ammonia,  even  duricg  stajr^-ation,  thin 
other  structure  in  thp  body.  Thia  percentage  was  grealJj 
creased  during  digestion  and  even  during  Pawlow's  '*  abam-l 
ing'^  ex|)e^riinenta.  TliJj^  would  seem  to  show  thAt  tlte  d 
metabolifim  of  theoe  digestive  glands  Is  marked  by  a  coiuddK 
production  of  ammonia.  And  it  ia  etrikin^  that  Vemoo  ah 
have  [cund  tissue  erepajns  mor«  plentifully  iii  the  isJM 
mucouA  membrane,  the  pannreaa  and  spleen,  than  in  ftOjH 
tifldue  e^rcept  the  kidney. 

The  importance  of  digestion  iu  the  ahmeutaiy  caiul  i 
flouice  of  the  precuieore  of  uroa  ia  shown  in  some  of  Schpoi 
experimental  He  found  that  when  the  blood  of  a  faating  an 
waft  circulated  through  ita  own  liver,  the  iii«a  cunt^nt  of 
hloofl  was  diminiahed  by  5  per  cent.  If  an  aniraonium  salt 
then  added  to  the  blood  and  circulated  through  the  liver  !■ 
same  length  of  time  the  urea  content  waa  increaa&d  a^ 
per  cent,  Wh^n  he  circulated  the  blood  of  a  w«l]-fed  do 
digestion  tbmugh  its  own  liver  he  found  that  the  urea 
of  the  blood  waa  increaaed  by  27  per  ceut  in  the  aaiae  tij 

The  relative  importance  of  the  alimentary  canal 
othur  tissues  of  the  body  as  sources  of  ammonia  is  showi 
the  experimenta  of  Hahn,  Massen,  Nencki,  aitd  Pawtow,  and 
by  tboae  vi  Neiieki,  Pawlow,  and  Zaleald-  They  were  perfoi 
on  dogs  with  a  Biinple  Eck's  tiatula.  Jn  this  case  the  livc^ 
remains  supplied  by  the  hepatic  artery,  but  the  portal  bloojfl 
direct  iiilo  the  inferior  vena  cava,  and  bo  into  the  gpneral  cqi 
tion.  Many  of  the  doga  recovered  completely  from  the  open 
and  lived  for  months  without  showing  any  symptoms  of  ill-ha 
It  waa  found,  howevert  that  when  these  dogs  were  fed 
meat  or  received  glycin,  aalta  of  ammonium  or  carbamio 
by  the  moutli,  they  rapidly  became  convulsed;  but  that  no 
dogs  under  the  same  circumstances  showed  no  abnormal  sympt 
When  the  do^  were  in  convulsions,  an  oxamination  of  the  I 
and  urine  showed  that  the  ammonia  content  of  the  arterial  b 
was  wifled   very   nearly  to   that  of  the  portal   vein. 
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the  uriae  tKe  percentage  of  the  total  nitpTogen  eKcreted  as 
w»»  decreased,  whilst  the  percentage  present  &&  ammonJum 
falls  waa  increased  sufiiciently  to  reuder  the  urine  alkalme, 
[Among  other  ammonium  salts  preaent  wau  the  c^rbaEaatd. 
i-Fiom  these  reaults  it  was  concluded  that  the  convulsions  were 
due  to  poisoning  by  salts  of  ammonium  or  carhamic  acid.  On  the 
other  hand  these  obeervcrs  found  that^  if  doga  with  an  Eek'fl 
Satula  were  fed  on  a  mixed  diet  contflimng  but  httio  protoid, 
the  ammonia  content  of  the  blood  and  mine  might  be  normal 
and  iLD  convulsions  eusue^  The  explanation  of  the  different 
result  in  these  two  cases  appears  to  be  that  the  Lver,  when 
supphed  only  by  the  hepatic  artery*  ie  capable  of  converting 
into  urea  the  aounonia  slowly  produced  by  the  tisauos  generalty, 
|.bnt  that  when  larger  quantities  of  ammonia  enter  the  portal  vein 
ipidly  during  digestion,  and  especially  the  dige-stion  of  proteida, 
the  liver  does  not  receive  this  increaeed  supply  of  ammonia 
sufficient!}'  quicklv  to  prevent  poisoning.  From  these  e\peri- 
menta  we  may  draw  the  fcUowing  conclufiiona  :  that  the  alimentJiry 
canal  i«  an  important  source  of  ammonia ;  that  the  digestion 
of  proteidfl  liicreaaeii  th<;  amm-onia  content  of  the  portal  vein 
more  than  the  digestion  ol  other  food-stufifl  ;  and  that  the  liver 
ia  the  cbieft  if  not  the  only  organ,  which  can  convert  ammonium 
salta  into  urea. 

The  overwhelming  importance  of  the  liver  in  this  conversion 
ia  shown  by  other  cxpeiiments.  The  analyses  of  Horodyiiflki, 
Salaskin,  and  Zalesld  show  that  the  liver  u  the  only  organ  which 
abstracta  ammonium  salt.4  from  the  blood.  Some  experiments  by 
BchKider  suggest  that  the  hver  alone  is  capable  of  carr)'ing  out 
this  conver^on.  Ue  found  that  extirpation  of  the  kidneys  in 
dogs  Icada  to  a  slow  accumulation  of  urea  tn  the  body,  and  that  it 
took  twenty-seven  hours  for  the  urea  content  of  the  blond  to  be 
increased  by  four  and  a  half  times.  If  after  the  uephnectouiy 
ammonium  salts  or  a  carbamate  were  inje<itcd  into  the  animal,  the 
urea  content  oi  the  blood  might  be  increased  100  per  cent  in  an 
hour.  When,  however,  the  liver  was  put  out  of  cuxrulation  tu 
addition  to  the  removal  of  the  kidneys,  the  injection  of  anmiouiuni 
salts  led  to  no  Lncreaae  of  urea  in  the  blood  withia  the  period  o£ 
the  experiment,  one  and  a  half  hours.  1 

We  have  already  seen  that  there  is  conclusive  evidence  that 
jnono-amino  acids  given  by  the  mouth  are  excreted  chiefly  as 
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urea,  Wq  have  hIbo  seen  that  there  is  some  evidence  thM 
liver  and  other  tisaueB  can  coDvert  the  N  o(  the«e  acids 
ammonia,  and  presumably  by  the  action  of  a  ferment.  But 
cliuiv«  experimental  evidence  that  the  liver  ia  the  organ  v 
converts  the  maiiri' amino  acid^  into  urea  ih  still  wanting- 
showed  that  glycin  digested  with  a  liver  extract  is  converted 
an  iimide,  but  he  did  not  determine  its  natore.  SalAskin  ca 
out  ex:perimenta  in  which  he  circulated  through  a  surviving 
liver  biood  to  which  glycin,  leucin,  or  aaparticacid  haii  be«D 
In  each  case  he  found  increased  urea  values  in  the  blood.  Ui 
tunately  his  eatimattons  were  done  by  SchOndcrff's  method, 
hciwei-er  likely,  it  is  not  absolutely  certain  tliat  urea  and 
some  other  amide  was  actually  producetl. 

The  same  is  true  in  the  CEtse  of  uric  acid-  We  have 
that  it  ia  partly  destroyed  aad  largely  converted  into  ur« 
the  body-  We  have  heea  that  the  liver  and  other  organs  po 
a  ferment  which  can  break  up  uric  ^cid^  but  we  have  no 
clunve  evidence  that  the  liver  actually  does  manufactare 
out  of  uric  acid.  Habn,  Maeaen,  NencSd.  aad  Pawlow  obae 
in  dogs,  with  ligature  of  the  hepatic  artery  in  addition  t* 
Eck'a  Estuia,  the  usual  changes  in  the  urinary  ammonia 
urea,  but  in  addition  an  increased  excretion  of  uric  acid 
actual  and  relative  to  the  urea.  This  increase  they  &sci 
to  a  greater  destruction  of  nucleo-protcid  in  the  tissues-  Bi 
mipht  equally  well  be  due  to  the  failure  of  the  liver  to  oon 
uric  acid  into  urea.  Ascoli  carried  out  a  aeries  of  experiraen' 
which  he  circulated  through  a  dog^s  liver  blood  coiitaLning  kn 
quantities  of  uric  acid.  He  found  that  within  an  hour  a 
of  uric  acid  took  place  which  was  in  excess  of  the  It^os  d 
the  action  of  the  blood  on  the  uric  acid.  He  further  aha 
by  Schondorfi^s  method  increased  urea  values  in  the  perf' 
blood. 

/j  Urea/orm^  in  Tissues  other  than  the  Liver  ^— The  fact 
many  organs  yield  arginin  on  hydrotyais  and  also  posseaa  argii 
suggeatB  that  the  answer  to  the  queatioo  must  be  in  tlie  affif 
tive,  so  far  as  this  origin  of  urea  Is  concerned.  But«  as  has  I 
pointed  out  already,  we  have  no  knowledge  of  the  relative 
tudea  of  this  and  of  other  methods  of  urea  production^  a&d 
have  still  to  iiscuas  the  question  whetlier  or  not  tisfluen  other 
the  liver  oan  form  urea  from  ammoma  or  some  other  fiubsta^' 
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B  The  queation  of  the  pcseiblc  origin  of  urea  from  ammomum 
salts  could  be  inrestigated  in  two  waya,  either  by  perfuaing  blood 
ccntftTnicg  flmmoniiim  aalta  through  various  surviving  orgauB, 
or  by  flUniinating  the  liver  in  an  otherwise  inUct  anlmftl  Both 
methods  have  been  used.  Schroder  perfuaod  Wood  contaiaing 
amraonium  salta  through  the  surviving  kidaeys  oi  dogs  wibb  negative 
results.  He  performed  aimilar  experimertla,  using  the  lower  half 
of  a  dog's  bcxly,  also  with  negativo  resnits.  With  regard  to  the 
other  method  of  experiment,  it  in  uia-niEestly  ioipoasible  tu  prove 
a  negative,  that  no  other  organ  than  the  bver  can  produce  urea 
from  ammonium  sails.  But  the  experiments  already  referred  to 
of  Hahn»  MaBsen,  Nencki,  and  Pawlow  on  dogs  with  an  Eck's 
fii^uV  the  analyses  of  HorodynskJ,  Salaskin,  and  Zaiej^ki,  and 
SchniJer^o  experiments  on  nephrectomised  Jogs,  make  it  extremely 
unUkely  that  ammonium  salts  can    be  converted  into  urea_  clee- 

K  whei'Q  than  in  the  liver. 

There  still  remains  the  posability  thai  the  other  riasue-s 
might  be  able  to  produce  urea  from  some  aubatance  other  tban 
ammonium  ealte  or  arginio.    We  have  seen  that  there  is  evidence 

■  that  some  of  the  intermediate  products  of  the  metabolism  of 
tieene  proteids  are  converted  into  ammonia  previous  to  their 
conversion  into  urea ;  but  in  some  cases  the  evidence  of  this  ia 
sbgLt,  and  In  other  i:aaea  we  have  uo  eridcnce  at  all.  Further, 
our  knowledge  of  what  are  the  actual  intermediate  products  of 
nitrogenous  metabolism  in  the  body  ia  meagre,  and  there  is 
DO  a  prion  impiobabihty  of  there  being  substances,  other  than 
those  already  conaidered,  which  are  converted  into  urea  in 
the  tiPfiuea,  No  systematic  series  of  esperimeuta  have  been 
carried  out  in  which  blood  contaiuiug  mono-amino  acid  or  uric 
acid,  ^-r  has  been  circulated  through  various  organs  or  musclee. 
We  have,  therefore,  no  direct  evidence  whether  tissue*  other 
than  the  liver  can  or  cannot  produce  urea  from  anything  else 
than  ammonium  aalta  or  argiuin.  Such  evidence  aa  we  havo 
on  this  point  has  been  obtained  in  the  following  indirect  way. 
If  the  hver  is  the  sole  seat  of  urea  formation  it  woold  fol 
that  putting   the    liver   out  of  the  circulatioUj    or    removj  ■ 

ought  theoretically  to  niaku  the   urea  completely  diaappei  I 

the   urine.     Hahn,    Masaeu,    Nencki,    and    Pawlow   oan  I 

eirperimenta  to  teat  this    points      Their    method  waa  I 

an   Eck's  fistula  in  a  dog,   and   subsequently  either  I 
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hepatic  artery  Of  to  remove  the  liver.  They  foniid  th^t 
of  t)w  liv^r  caused  the  ileath  of  the  AniiQ&]  witltm  ft 
b(>Lm-  Aftar  ligatiire  of  the  Lepatic  artccy  moat  of 
died  within  fifteen  houra,  and  it  is  poaaible  that  these 
long  only  because  some  oollater&l  circulation  had  been  & 
the  Interval  b«twe«n  the  tvo  operations^  Owing  to  the 
factcry  results  of  tlieir  fi»t  aeriea  of  expert mflnts,  Neni 
Pawlow  carried  out  a  further  Eeriea,  but  with  do  betl«r 
to  the  duration  of  life.  One  dog  aft^r  Ugature  of  the  hcfi 
ftrtcry  in  addition  to  an  £ck*a  ^tula  lived  t«Q  hours.  Af 
the  operation,  the  blood  contamed  the  same  percent^^ 
iirfA  and  ammoma  as  before  it ;  tlie  urine  still  contained  ^^M 
ceai.  of  urea,  and  the  urea  formed  the  same  perr«-nt-age  4^ 
total  urinary  nitrogen  as  before  the  operation.  They 
the  urea  by  Schondorff*s  method.  From  the^c  iceull 
conclude  that  the  liver  cannot  be  the  only  tissue  which' 
duces  urea.  These  eiperiments  cannot  be  considered 
cluaive.  For  ligature  ot  the  hepatic  artery  in  addition 
Eck'ft  fistula  doea  not  necessarily  put  the  liver  wholly 
the  circulation  ;  a  eenain  amount  of  collateral  circulation  11 
«till  be  poflsible  through  the  liver,  and  thif^  has  been  foud 
vary  in  degree  in  individual  doga.  The  only  concluaive  nrusR 
could  be  the  more  aerioue  operation  of  complete  remoral 
thi>  liver.  The  moat  recent  and  aueeeeaful  attempts  to  Cft 
out  tliifi  operation  have  been  mode  by  Sdlaakin  and  ZaJes 
Their  nu'thoil  waa  tit  make  an  Eck'a  fi&tula,  ligature  the  poi 
vein  between  the  fiatola  and  the  liver,  and  then  ligatulfl 
the  liver  bit  by  bit.  Their  moat  suoceasful  result  was  ■ 
dog  whieh  Lved  13  hours  after  the  operation.  Previously  1 
do]|  had  been  starved  for  10  davB.  For  8J  hours  &ft«r  1 
opifraticn  the  dog  remained  in  fairly  good  condition  and  h 
a  blood  pressure  of  100  mm.  Hg.  At  10^  hours  tetanifoi 
convulsion B  started  and  lasted  until  death.  The  total  nd 
paBfled  flnbsequent  to  the  operation  waa  n8'5  c-c,^  of  whi 
nearly  the  whole  was  pa?«ed  within  the  fiist  8  hours.  It  ci 
toincd  laedc  acid  and  4  grm,  of  urea  in  all.  The  urea-^N'  i 
from  **U  per  cent,  to  70  per  cent,  of  the  total  S,  aod  t 
amuionia-N  rose  from  3'5  pet  cont.  to  155  per  cent, 
total  N.  In  tliia  experiment  the  urea  was  eatiniated  by 
dorff'fi  method,  but  in  others  it  w&s  eatunated  by  the 
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8j6quiat  method,  and  siinilar  resulbfl  obtEuned.  The  urine 
Ijeinained  strongly  acid  to  the  end,  although  a  very  larRa  doae 
'of  alkali,  10  grm.  of  sodium  carbonate,  had  been  introduced 
into  the  stomach  beforf.  the  o ^ration.  At  the  'poat-rriortem 
^lamination  it  was  found  that  28  grm.  of  liver,  or  54  per  cent, 
of  tbe  intact  organ»  had  tiot  been  inc^luded  in  the  h^turcB,  and 
wafl  still  in  connection  with  the  circulation.  The  peritoneal 
csavily  contained  f/K)  cc.  of  blood.  The  ammonia  content  of 
the  blood,  brain,  and  muscles  was  estimated  and  founil  to  be 
'within  the  normal,  but  in  some  other  experimenta  it  waa  found 
BO  be  moderately  increased.  In  none  of  the  expetimonta  was 
MA  removal  of  the  liver  complete,  and  never  le^  than  about 
6  per  cent,  of  tbe  organ  was  unligatured. 

These  experiments  ahuw  that  Joi  a  few  hours  after  the 
lemoval  of  the  bulk  of  the  liver  the  imnu  still  contains  large 
quantities  of  urea ;  that  the  percentage  of  N  excreted  as  urea 
jg  decreased,  and  that  the  percentage  excreted  as  ammonia 
h  increase*!,  but  not  (iiiite  correspond  ingly  to  the  decrease  as 
uroA.  Theae  facta  are  clearly  open  to  more  than  oue  inter- 
pretation. They  might  be  explained  by  saying  that  after 
tho  removal  of  the  liver  urea  is  atill  produced  by  some  organ 
other  than  the  livei  from  some  substance  other  than  animonia. 
But  these  experimfiiita  cannot  be  hehl  to  prove  it.  For,  not 
only  wae  an  appreciable  amount  of  liver  still  connected  with 
the  circTiiation,  but  there  is  nothing  to  show  that  urea  waa 
produced  after  the  cpetatioii,  and  that  the  urea  excreted  was 
not  a]rea[]y  preformed  in  the  body.  Kven  if  urea  had  been 
formed  after  the  operation  it  might  still  have  arispn  from 
arginiu.  Again,  the  experimenta  might  be  considered  to  show 
that  ammonium  salta  are  the  chief  immediate  precnreors  of 
nrea,  and,  as  we  have  seen,  are  convert^^d  into  urea  solely  in 
the  liver ;  in  fact,  the  results  might  apj>ear  to  he  very  fdniilar 
to  those  obtained  when  a  dog  with  an  Bck'a  fiatuJa  receives  a 
meal  of  proteids.  For  in  both  cases  the  dops  became  convulsed, 
and  the  urine  is  found  to  contain  more  ammonia  relativelv 
to  the  urea.  But,  as  Saksldn  and  Zaleski  pointed  out,  the 
resemblance  la  merely  superficial  and  tlie  two  conditions  are 
fundamentally  different.  In  theae  experiments  the  convulsions 
iMiuId  not  bu  due  to  ammonin  poisoning,  for  in  some  of  th?m 
fcbe   percentage  of    ammonia  in  the  blood   and    brain   remained 
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normal,  &nd  jet  copvubions  occuned  just  the  same, 
jjointa  of  contrast  between  the  two  sets  o£  ejcperiments 
as  foilowa :  in  theit  experiments  practicallv  no  bile  could 
been  produced,  the  urine  was  not  alkaline  but  extremelj 
jind  contained  lactic  acid-  There  can  be  little  doubt  that  ihm 
were  right  in  ascribing  the  aymptoraa  in  their  dogs  to  t^n  am 
intoxication  by  Liitermcdiate  metabolic  producta* 

The  numerous  observations  on  men  the  subjects  of  K 
destruction  have  equally  failed  to  bring  forward  any 
clufiive  evidence  that  the  liver  is  not  the  only  organ  which 
ionn  uroa.  The  changes  in  the  urine  observed  in  cases 
advanced  deatructioa  of  the  liver  by  acute  yellow  strop 
or  cirrhortia  are  siniilBr  to  those  in  8&1aakin  and  Nencld^fl  do 
Bui  the  actual  degree  of  liver  deatnictiou  la  in  those  cases  et 
more  uncertain,  and  a  oonditioi^  of  acid  intoxication  alrD< 
certainly  exists  in  them.  We  are  bound  to  conclude  that  tbi 
ia  at  presant  no  proof  that  tissues  other  than  the  liver 
manufacture  urea  from  anything  but  arginin-  There  is  anotb 
difficulty  in  the  interpretation  of  observations  on  destructj 
of  the  liver  which  is  important.  The  various  steps  in  t 
breaking  down  of  tiaaue  proteid,  which  we  now  ascribe  to 
activity  of  numeroua  ti^ue  ferments,  cannot  be  looked  upo 
aa  a  number  of  isolated  phenomena  which  can  take  place 
the  body  quite  independetitly  of  each  other.  They  are  to 
looked  upon  rathet  as  a  series  of  events  in  a  continuous  eye 
of  changes,  and,  if  one  is  prevented,  the  whole  cycle  may 
interfered  with.  We  kaow  that  in  the  hver  many  of  th 
terminal  changes  in  proteid  katabalism  take  place.  When  tlu 
organ  is  largely  destro^'ed  we  cannot  aeeume  either  that  uK 
alterations  in  metabolism  which  ensue  represent  nothing  b 
the  fleriea  of  changes  which  would  be  normally  carried  out 
the  hver,  or  that  proteid  kataboliaro.  goes  on  in  all  other  tiae 
in  an  undisturbed  and  normal  manner  This  assumption  hi 
comes  all  the  more  impossible  when  we  know  that  many 
the  ijitermediate  products  tif  proteid  inetat}olism  aic  poiaono 
to  the  tissues. 

Acid  intoxication  or  acidoaifif  one  of  the  auto- into ticatiofl 
by  intermediate  metabolic  products,  may  be  briefly  considen 
here,  because  it  throws  a  side-light  on  the  relation  of  ainmonl 
to  urea  ia  the  body.    The  acida  of  which  we  know  most  in 
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nn^ction  are  aarcolactic  acid  and  /S-oxy-bntyno  odd  with  ita 
derivative  aceto-acetti;  aciJ.  It  ia  probabls,  however,  that 
oxalic  acid  and  a  large  number  of  leaa  weU^kDown  acids  are 
&bo  produced  during  metflnboUara-  The  Watory  of  sarcoUctic 
acid  in  the  bodj*  Ib  only  imperfectly  understood.  In  health 
it  b  produced  in  muaciea  and  other  tiaaues,  and  la  lound  in 
the  blood  but  not  in  the  urine.  It  muet  therefore  be  oxidised 
in  the  body.  But  it  is  fouad  in  the  urine  in  a  large  number 
of  conditions  of  disturbed  metabolism ;  the  only  one  which 
intcresta  oa  in  this  connection  ia  destruction  of  the  liver.  It 
ia  found  in  the  urine  of  men  suffering  from  acute  yellow  atrophy 
of  the  livern  and  we  have  already  aeen  that  Saiaakin  and  Zaleski 
found  it  m  the  urine  of  their  dogs,  Minkowski  deraonatrated 
ita  presence  in  the  urine  of  pccse  after  the  liver  had  been  either 
excluded  from  the  circulation  or  excised.  He  showed  that 
geese  might  live  for  twelve  or  more  hours  after  the  operation,  and 
might  paaa  aa  much  as  3'5  grm.  of  sarcolactic  acid.  At  the 
same  time  the  uric  acid  was  almost  completely  replaced  by 
ammonia,  ^-osy-butyric  acid  is  not  known  for  certain  to 
be  a.  normal  metabolic  product,  hut  it  may  be  found  in  the  blowl 
d  urine  in  severe  cases  of  human  diabetes  and  in  pancreatic 
d  phloridzin  diabetes.  In  man  the  amount  passed  in  a  day 
may  be  as  much  as  100  grm.  Acidosis  hoe  also  been  produced 
eKperimentally  by  placing  mineral  or  organic  CLcids  in  the 
stomach  of  an  animah  In  aU  the  experimental  and  patho- 
logical acid  intoiications  it  is  found  that  the  excretion  of 
ammonia  ia  increased  both  actually  and  relatively  to  the  total 
N,  and  that  thia  increase  of  ammonia  ia  in  mammals  at  the 
expense  of  the  urea.  In  order  to  account  for  thia  the  view 
has  been  put  forward  that  ammonia  is  produced  in  metabolism 
with  the  apeciat  object  of  neutralising  adds  simultaneously 
formed,  and  o!  30  saving  for  the  body  the  important  bases 
Na,  Ca^  R,  &c.^  which  would  otherwise  have  to  bo  used.  The 
view  is  applied  not  merely  to  abnormal  but  also  to  normal 
mftabolinm.  and  the  ammonia  in  healthy  urine  ia  looked  upon 
as  bjiso  which  was  required  to  neutralise  acid  and  could  not  be 
lowad  to  be  converted  into  a  neutral  body  like  urea.  That 
monia  can  spare  the  basei  of  tfie  I  *hia  de- 

fenaive   median Um   against    acido*  .-i-lomvl 

in  man  and   oarntvota   tlum 
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by  experinient.  That  ammonia  does  act  as  a  base  in  OD  add 
intoxication  seems  to  be  shown  by  the  fact  that  its  excretion 
can  be  very  greatly  reduced  by  putting  into  the  animal's  body 
a  aufhcient  quantity  of  some  other  base.  But  that  anunouU 
is  specially  produced  cither  in  health  or  disease  with  the  object  of 
neutralising  acid  is  open  to  question-  For  the  view  inipli(>s 
that  the  quantity  of  ammonia  produced  is  determined  by  ihv 
amount  of  ai?tds  fonned  and  the  quantitHy  of  other  available 
base  which  can  be  spared  by  the  body.  The  evidence  on  thia 
point  ia  not  sufficient  to  enable  us  to  form  a  decided  opinion, 
but  BO  far  aa  it  goes  it  U  against  thia  view.  If  we  take  the 
percentage  of  ammonia  in  the  blood  as  the  only  rough  guide 
we  have  to  the  amount  produced,  then  it  is  not  found  that  tlie 
quantity  of  ammonia  formed  bears  any  necessary  relation 
to  the  degree  of  acid  intoKieation.  Salaskin  and  Zaleaki  found 
in  tlieir  experiments  that  a  dog  might  be  in  convulBions  and 
passing  lactic  acid  in  ita  urine,  and  yet  the  percentage  of 
ammonia  in  the  blood  and  tissues  be  normal-  The  same  thing 
has  boen  noticed  in  eaeca  of  seveto  diabetea-  The  abnormally 
in  an  acidosis  appeara  ta  be,  not  in  the  quantity  of  aruiDoiiia 
formed,  but  in  the  degree  to  which  the  ammonia  is  converted 
into  urea.  When  in  addition  to  an  acidoaia  there  is  destruction 
of  the  liver,  it  ia  obvioua  that  the  cODversiou  of  ammonia  into 
urea  may  almost  cease.  The  relation  of  the  liver  to  acidosis 
may,  therefore,  be  twofold  :  on  the  one  hand,  destruction  or 
grosa  impairment  of  the  hver  interferes  with  the  oxidation 
in  the  hvcr  of  lactic  and  possibly  other  acids,  and  an  acid  in- 
toxication results.  On  the  other  hflndj  when  an  acid  intoxica- 
tion has  ariaeu  from  Home  cause  not  primarilv  connected  with  the 
liver,  the  conversion  of  ammonia  into  urea  by  the  liver  is  sua- 
pended  in  a  degree  corresponding  to  the  acidosis,  neceaEtaxy 
base  ia  thereby  obtained,  and  a  corresponding  proportion  of 
the  total  N  in  the  urine  appears  aa  ammonia  instead  of  urea. 
Even  in  health  aaiiiething  less  than  about  5  per  cerkt.  of  the  totftl 
N  is  excreted  as  amjnonia-  But  the  whole  of  thia  cannot  b« 
looked  upon  as  being  present  only  because  it  is  required  aa 
B  baae^  For.  if  a  healthy  man  is  giv'en  sulficient  aodium 
bicarbonaifl  by  the  mouth  to  make  hia  urine  for  days  strongly 
alkaline,  the  ammonia  in  it  does  not  diaappear,  it  J5  only  greAtly 
reduced.    The    ammonia    now  present    cannot    be    looked   upon 
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■i  EiecefiBaiy  base,  and  may  pcwaibly  represent  ammonia  from 
Hood  which  has  passed  through  the  kidnev  before  going  to 
bbc  liver.  It  would  be  interesting  to  kaow  whether  the  effect 
prf  fllkalicfl  on  the  urinary  ammoma  ia  due  to  decreased  forma- 
pjon  of  ammonia  or  to  its  more  complete  conversion  into  urea  ; 
biere  are,  however,  no  eatimationf*  of  the  ammonia  contents 
bf  the  blood  to  show. 

I      Means  hy  tehich  the  Liver  ^nuerU   At/wi/itiia  into  Urat. — Wo 

uve    seen    incidentally    that    maay    katabolic  processes  which 

B  used   to   be   thought  were  cairied   out  hy  tha  direct   action   of 

fcrotoplaBm  are  now  thought  to  be  produced  by  ferments  formed 

■ritlun    the  ceil.    It    ia  perhaps    premature  to    generalise    and 

hay  that  all    katabolic  ptocesBea  are  carried  out  by   tisflue   fer- 

■oentfi,   but    the    discovery    of    prnteolvtic,    lipolytic,    glycolytic 

■erment!4^    of    various    kinds    of    oxydases,    and    other     ferments 

HI   bbe    tOBSuefl.   ahnoat    justifies  such   a   view.    The    formation 

pf   urea  from  ammonia,  however,  cannot  be  looked  jpon  as  a 

kroces^  of  breaking  down  but  rather  a»  a  syntheaia.     According 

fo  Hofmeiater*3  view  it  is  an  oxidative  synthesis,  and  according 

~to   the    views   of    Schmiedeberg   and   Drech^^l    it   la    a  synthesis 

followed    by    dehydration.     At  one    time  it  was    thought    that 

lerments  could    not  produce    a    ejnthesis ;    this   is   now    known 

Bot  to  be  the  eaae.     The  kidney^  for  instance,  contains  a  ferment 

wTiicEi  synthesiser  glycin  and  benzoic  acid  with  the  loss  of  water 

into  hippuric  acid.     But  even  more  important   was  the  discovery 

that  some  Eymolysca  are  reversible,  and  tbat  one  and  the  same 

ferment    could    both    break    down    and    build    up.    Thue    Croft 

HiU   showed   that    yeast   maltase   could   both   hydrolyae    raaltoao 

to   glucose  and    condense  glucose   back    to   maltose.     Similarly 

a  lipase  haa  been    formed  capable  of  converting  fat    into    fatty 

acid  and  fatty  a-n'idi    back  into  lat.     It  is    therefore,  a  primi. 

probable  tbat  one  and  the  same  ferment  in  the  liver  hydrolyaea 

glycogen   into  desctrose    and    condenses   dextrose    into   glycogen. 

It  wuuld  cert^uly  be  premature  to  say  that  it  Is  probublr  tbat 

in  the  body  all  the  hydrolysea  are  reversible,  but  it  ia  po^"" 

that  a  very  largo    number  of    tham  are.     Jaooby    h* 

that  liver  juice    contains   a  ferment  which  can    hyd' 

mXo   aome  ummoninm   salt,  just    us   urease,   the   fen 

Due  ill  as    urete,     converte    uiea    into    animomum 

the  urinon     We  have   no  eipenmental  evidence 
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The  two  facts  which  strike  us  at  onoe  when  confliderirg  how  tha 
kidney  produces  Mtiae  from  the  blood  supplied  to  it.  &re  tho  diBcr- 
enccB  in  chemical  composition  between  the  two  fluids  and  tha 
extraordinary  structural  complexity  of  the  kidjiey  tubule.  The 
tnain  chemical  di£erence  between  blood  pl&ama  and  mine  is  in 

I  the  percentage  composition  of  the  two  fiiiida,  and  nDt  in  the 
presence  or  absence  of  substances  special  to  each-  Thus  thd 
ur*a,  sugar,  and  other  crystaHoida  of  the  blood  are  found  also  in 

j  the  urine,  but  in  wholly  diSerent  percentage  qjantitiea.  In  fact, 
ttpftit  froni  percentage  compoeiUon  the  di0erencea  between  the 
two  fluida  are  few.  They  differ,  however,  atrikingly  in  reaction, 
in  the  absence  of  the  blood  proteids  from  the  urine  and  in  the 

I  presence  in  jt  of  hippuric  acid.  The  power  of  the  kidney  to 
Hecrebe  acid  urine  from  the  alkaline  blood  ia  an  important  point 
ia  any  theory  of  urinary  seoretion,  end  will  be  considered  later. 
The  ability  of  the  kidney  bo  keep  back  the  blood  proleida  is  in 
health  apparently  perfect.  Minute  traces  of  proteid  may  be  found 
in  healthy  urine,  but  h  is  not  one  of  the  blood  proteids,  and  is 
probably  derived  from  the  urinary  passagea.  On  the  other  hand, 
atrucbural  and  circulatory  changes  in  the  kidney  »oon  cause  one 
or  more  of  the  blood  ppoteida  to  appear  in  the  mine.  Snob 
Albuminuria  i»  of  the  greabeat  medical  importance ;  but,  until  we 
know  more  of  the  mechanifim  by  which  the  plasma  proteida  are 
kept  back  by  the  normal  kidney,  it  ia  impossible  to  understand 
the  true  ei^&cance  of  many  form^  of  alhumjnuna-  Uippuiio 
acid  IS  intereating  aa  being  the  only  urinary  constituent  which  ia 
known  to  be  manufactured  in  the  kidney.  We  knc™" 
kidney  poasessea  a  ferment  which  can  aynthesiae  ' 
glycin  into  hippuric  acid,  but.  as  we  do  net  1 
kidney  of  this  eyntheBifl,  the  fact  does  not  ^ 
theory  of  urinary  flecretion.    Structurally 
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reaamblance  to  other  glaoda ;  not  only  ia  tbe  glomerulus  a  stnic- 
tuie  without  analogy  elsewhere  in  tbe  body,  except  perhaps  in  tlie 
choroid  pleiua  of  the  brain,  hut  tbe  eKtremo  length  and  conj' 
plexity  of  the  tubule  la  &  ieatuie  peculiar  amongst  glands  to  tbe 
kidney. 

It  baa  beccme  an  oxioui  of  physiology  that  dlEerence  of 
function  and  structure  go  hand  in  hand.  This  idea  was  clearly 
appreciated  by  Bowman,  who,  in  1842,  pubhshed  his  anatomical 
re3eari?hea  on  the  atru^'ture  of  the  kidney,  and  at  the  samo  time 
a  theory  oF  urinary  Hecietion  founded  on  those  results  alone.  He 
pointed  out  the  striking  atructural  peculiarities  of  the  kidney  aa 
compared  with  other  glands,  and  suggested  that  m  tha  glomemluA 
the  watery  portion  of  the  urine  was  separated  ofi  from  the  blood> 
and  that  in  the  tuhule  urea,  uric;  acid,  and  other  dolid  oon- 
stituenta  of  tbe  urine  were  secreted. 

Two  yeara  later  Ludwig  published  a  mechaiiioal  theory  of 
uriQaiy  formation  founded  on  experimental  work.  He  supposed 
tliat  the  capillary  hlood  pressure  in  the  gk)memlua  filtered  o3  a 
dilute  fluid  which  was  couce titrated  in  its  passage  down  the  tubule. 
Tiiia  concentration  of  the  glomerulai  BItrate  in  the  tubules  wad 
duo  to  the  passage  of  water  by  difiusiou  to  the  more  concentrated 
lymph  on  the  other  side  of  the  epithehal  cells.  HeidenLain  has 
pointed  out  that  Ludwig^s  view  contains  three  propoAitioos : 
(ff)  That  the  secretion  of  water  in  the  glomerulus  i»  a  mechanical 
nitration  depending  on  blood  pressure;  {h)  that  all  the  aolid 
constituents  of  the  urine  are  paseed  out  through  the  glomerulus 
with,  the  water  in  dilute  solution  ;  (c)  that  this  dilute  urine  ia 
concentrated  in  the  tuhules. 

Both  of  theae  views,  which  arc  in  the  main  the  two  held  to-day« 
have  undergone  some  modification  from  the  form  in  which  they 
were  originally  atated.  Liidwig's  view  had  to  be  altered  when 
it  was  demonstrated  that^  the  OGmottc  preuaure  of  urine  was 
generally  greater  than  that^  of  the  blood.  For,  it  was  impoa^bte 
to  explain  how  by  a  process  of  diSueion  the  uriue  might  finally 
he  turned  out  from  the  tubule  with  a  concentration  four  or  more 
timea  greater  than  that  of  tbe  blood.  It  was  necessary  to  believe 
that  the  concentration  of  the  glomerular  filtrate  wae  brought  about 
by  the  active  intervention  of  the  tubule  oella.  The  view  aft 
amended  haa.  therefore,  ceased  to  be  purely  mechanical,  aTid 
con^ata  now  of  mechanical  filtration  and  phyaiolo^cal  abaorption. 
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Heideniiflm  rt\"ived  Bowmao'a  view,  restating  it  with  gfeatcr 
«Xftctitiide  and  placing  it  on  aa  ex^^naiBiktal  basia.  He  has 
flXpreBSpd  his  omi  views  as  follows — (1)  In  the  kidney,  as  tn  all 
ether  glands,  tlio  secretion  depends  upon  the  activity  of  apecial 
secreting  cells ;  (2)  tlie  Cirat  kind  of  these  cells  is  represented  by 
the  flingle  layer  of  epithelium  coverbg  the  glomerular  capillaries. 
The  function  of  tlii'se  cells  is  to  secrete  water  and  such  aaita  of 
the  urine  as  are  found  in  solution  throughout  the  body,  e.?>  sodium 
ch-joridc  ;  (3)  the  second  svstcm  of  secreting  cells  is  represented 
by  ths  epithelial  lining  of  the  convoluted  tubules  and  ascending 
loups  of  Henle.  They  secrete  the  specific  constituents  of  the 
urine^  and  under  certain  circumstances  water  at  the  same  time ; 
(4)  the  degree  of  activity  of  both  kinds  of  secreting  cells  is  deter- 
miued  by  {n)  the  amount  of  water  or  uriuary  constituent  con- 
tained in  the  blood,  and  (fi)  bv  the  velocity  of  blood-fiow  tbiough 
tiie  renal  capillaries,  bihl^  on  this  depends  the  supply  to  the  cells 
both  rif  aubstances  to  be  secreted  and  of  oxygen ;  (5)  the  great 
varifltioufl  in  the  composition  of  urine  are  explained  by  difier- 
encee  in  the  secretory  activity  of  both  kinds  of  cell,  either  com- 
bined or  relative  to  each  other. 

These  two  views  represent  the  chief  of  those  current  at  present, 
and  those  most  diametncally  opposed  to  each  other.  For,  they 
differ  greatly  with  rej^ard  to  the  function  of  the  glomerulus,  and  in 
the  case  of  the  function  of  the  tubuJe  thev  are  exactly  opposite- 
It  might  be  thought  that  it  would  have  been  easy  to  devise 
experiments  which  would  have  proved  or  disproved  one  of  them. 
This  has  not  proved  to  be  the  case.  It  is  neoesaary  to  point  out 
that  these  two  views  do  not  eshaust  all  the  posaibilitica.  Neither 
of  them  may  be  true  in  outline,  much  leas  in  detail.  In  both 
views  it  is  assumed  that  the  function  of  the  tubule  is  the  same 
throughout,  either  excretory  or  absorptive.  When  we  turn  to  the 
tustulogy  of  the  kidney  tubule  and  see  great  variations  in  the 
structure  of  its  different  parts,  we  conclude  that  there  must  be 
corresponding  differen':es  of  function.  It  is  possible  that  In 
mccordance  with  one  or  other  of  these  two  views  the  faocUon  of 
the  different  parts  of  the  kidney  tubule  may  be  broadly  thp 
either  absoiptive  or  excretory  ;  but  it  i&.  a  fviori,  e'^ 
that  one  part  of  the  tubule  might  absorb  and  ano 

The  problem  to  be  discussed  resolves  into 
points — (1)  How  does   the  glomerulus  act  t     ] 


Q» 
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ftlter  or  do  the  cells  of  Bowman's  capsule  determine  the  kicd  o( 
material  a.nd  rate  at  wtich  it  shall  p!i^  through  them  ?  (2)  Do 
the  ci^lla  of  th&  tubule  secrete  material  from  a  glomerular  fUtraU! 
baok  into  the  blood,  or  do  they  excrete  material  from  the  blood 
and  add  it  to  the  glomerular  aecretion,  or  do  they  both  absorb 
and  e:K^crete  ?  It  i^  theoretically^  impossible  to  discuss  theov  twu 
points  apart,  because  we  cannot,  as  a  mle,  eKpp.riment  separately 
upon  the  glomeruli  and  tubules,  nor  are  we  able  to  obtain  the 
glomerular  fluid  until  it  has  passed  down  the  tubules ;  bnt,  as 
far  as  possible,  the  two  points  will  be  consid€red  apart- 

A  lar^e  number  of  ejcperimenta  have  been  performed  on  excis^ 
kidneys  by  varioua  observera,  and  eapecially  by  Sollmfttui-  He 
adoiitd  nt  once  that  the  normal  vitahty  of  tha  kidney  begins  to 
disappear  aoon  after  excision,  and  that  the  *^  urine  '*  obtained  by 
the  perfuttian  of  such  kidneys  can  be  looked  upon  only  as  a  physical 
filtrate  and  not  aa  a  vital  aecretion.  Nevertheless,  the  experimeuU 
are  of  great  value^  for  they  do  show  which  of  the  experimental 
results  obtained  on  Uving  kidneys  are  capable  of  a  purely 
mechanical  explanation ;  bnt  of  course  they  lea^'e  untouched  the 
question  \vhether  in  the  hving  body  the  proceas  ia  mechaiucal 
or  vita!.  This  being  so,  we  shall  refer  to  experiments  ou  exuieed 
kidneys  only  incidentally. 

Most  of  the  expenmenta  which  have  been  performed  on  the 
secretion  of  luine  have  given  reaults  wlneh  are  considered  to  be 
in  favour  cither  of  Ludwig's  or  Heidenhain'a  view,  aiid  in  order 
that  the  bewmg  of  the  various  experiments  to  be  described  may 
be  more  readily  understood,  it  will  be  wel!  to  point  out  in  greater 
detail  what  these  two  views  really  imply.  According  to  Ludwjg's 
view  a  Altering  force,  derived  dtiinately  from  the  heart,  driv«0 
through  the  ^tcring  membrane  a  fiitid  exactly  similar  to  blood 
plasma,  except  that  it  contains  do  proteid.  The  glomerular  filtrate 
will  therefore  be  practically  isotonic  with  the  plasma,  and  the  cells 
of  Bowman'a  capsulo  will  have  done  no  work  in  separating  the 
tiltrfttCH  Filtration  may  be  assisted  by  an  increased  rate  of  blood- 
flow  past  the  filter,  but  will  depend  fundamentally  on  the  magni- 
tude of  the  filtering  force.  The  filtering  membrane  is  impermeable 
to  the  blood  proteids,  but  niuat  be  equally  peymesble  lo  all  other 
molecules,  and  any  alteration  in  the  permeabifity  of  the  filter  must 
affect  equally  all  filterable  substances.  The  work  of  the  kidney 
will  be  done  entirely  by  the  cells  of  the  tubule  during  the  proceed 
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^^WMNtotrating  the  dilute  glomerular  filtrate.  Tbis  proceaa  of 
HooncentratLon  will  be  carried  out  by  the  tubule  t^ella  being  readily 
Hpermeable  to  some  moleculea,  e.g.  water,  sugar,  chlorides,  &c.» 
Bflnd  relfttivelr  imimrraoable  to  others,  e.g.  urea,  uric  acid,  pigraenta, 
Hftc.  Th€  quatititv  of  urine  paBsLng  away  from  the  kidney  will 
Hfce  determined  by  the  difference  between  the  rates  of  filtration 
Hand  of  ahfiorption.  The  composition  of  the  urine  will  depend  on 
Bihree  factore — fa)  the  relative  anioauta  of  the  various  constituents 
^bn  the  blood,  {b)  the  relative  pcrmcabiUty  of  the  tubule  cells  to 
^phem,  and  (o)  the  rate  at  which  the  glomerular  filtrate  passea 
BoowD  the  tubule.  For,  this  last  factor  wilt  determine  the  Amount 
Kof  change  which  the  tubule  cells  ran  produce  in  the  ^looierular 
Hfiltratet  and  we  should  expect  that  the  greater  the  rate  of  £ow 
Hthrough  tho  tubule  the  moro  the  urine  would  resemble  the 
B  glome  rular  filtrate  ^ 

Br  On  the  Bowman- Heidenhain  view  the  cells  covering  the 
B^omendus  ore  normally  imperruf^ble  to  all  the  constituents  of 
Bihe  blood  cKceptiug  water  and  inorganic  salts,  which  are  passed 
^kat  by  the  vital  activity  of  these  cells  and  appear  in  the  same 
^nopoTtion  in  the  glomerular  filtrate  &&  in  the  urine.  The 
Betomenil&r  filtrate  will  therefore  be  a  very  hypntonic  fluid  as  com> 
Bpared  with  the  blood  plasma,  and  much  work  will  have  to  be  done 
■by  the  cells  of  Bowman^s  capsule  in  effecting  the  separation  of 
Bbhis  extremely  dilute  fiojd.  The  cells  of  the  tubule  will  be  per- 
^ueable  to  and  excrete  urea,  unc  acid,  &c,,  but  practically  Imper- 
^pneable  to  dextrose  and  most  salts,  and  to  a  less  extent  to  water^ 
Blhe  tubule  cells  must  also  do  much  work,  for,  they  have  to  pasA 
Bout  achd  constituents  in  eKtremely  concentrated  solution,  and  so 
f  niee  the  osmotic  pressure  of  the  dilute  glomerular  filtrate  up  to 
that  of  the  urine.     The  quantity  and  eomposition  of  the  urine 

P-"-'l  depend  upon  (ft)  the  quantity  and  proportion  in  the  blood 
Bubstanccd  which  have  to  be  escretcd«  and  [b)  the  rate  at  which 
3e  substances  are  brought  hy  the  blood  stream  to  the  ex- 
ting  cells. 
Urine  is  secreted  in  order  to  get  rid  of  inat.erial-  and  ao  help 
to  keep  the  quantity  and  composition  of  the  blood  constant.  On 
Hi-'idenhain's  view  an  excess  or  decrease  of  any  constituent  in  the 
blood  will  lead  automatically  to  its  increased  or  diroiniehed  excre- 
tion. But  on  Ludwig's  view,  in  which  all  materials  are  passwl 
.    out  through  the  glomerulus  in  the  same  rd»t^t«  |iMportiou  in 
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which  ibey  exist  in  the  bloody  it  is  nti^^easarj  to  aupj^ose  that  the 
cells  of  the  tubule  can  be  iniiuenced  aomebcw  to  absorb  aelectivdf' 
substancea  which  it  h  not  aeccsaary  to  ci^cretc,  and  so  adapt  the 
degree  of  absorption  in  the  tubule  to  the  needa  of  the  orgaaiam. 

General  Rvhlion  of  tJif  Renal  CiratUuion  to  iH^  Qimnlitij  vf  V tine^ 
— ^Both  viewa  admit  an  intimate  relation  between  the  formation  of 
urine  and  the  renal  circulation.  At  first  eight  there  would  appear 
to  be  an  obvious  difference  between  the  two ;  for,  whereaa  on 
Ludwig*B  view  the  main  relation  is  between  quantity  of  urine 
and  [jreaanre  in  the  glomeriJftr  capillariea,  the  influence  of  velodtv 
of  hlood-flow  on  filtrnuon  being  a  comparativeiy  minor  point,  on 
Eeidenhain'e  view  the  relation  is  between  quantity  of  urine  and 
rate  of  blood-flow  through  the  kidney-  With  one  exception, 
Iiowever,  any  measure  which  raisee  the  capillary  blood  pressure 
in  the  kidney  will  at  the  same  time  increase  the  velocity  of  blood- 
flow  tlirough  the  organ.  8uah  measures  are — (\)  A  rise  in  the 
general  arterial  blood  pressure  when  caused  either  by  increasing 
the  force  or  rate  of  the  heart  beat  by  aueh  a  drug  aa  digitalis, 
or  by  viiso-conAttiction  in  arearS  other  than  the  kidney.  This 
latter  may  be  brought  about  by  stiiaulating  the  lower  end  of  the 
cut  spinal  cord  or  splanchnicB  after  section  of  the  renal  nerves, 
which  in  the  dog  leave  the  centra!  nervous  system  in  the  anterior 
rootn  of  the  llth,  l^th,  and  13tb  dorsal  ner^ea.  Unless  the  renal 
nerves  are  cut  the  kidney  shares  in  the  general  vaso- constriction, 
its  volume  shrinks,  and  in  spite  of  the  greatly  raioed  arterial  blood 
pressure  no  secretion  of  urine  takes  place.  The  same  is  true  of 
the  marked  rise  in  arterial  prejtsure  seeu  duriTig  utiphi^ia. 
(2)  Dilatation  of  the  renal  arterioles,  the  general  arterial  blood 
prc«ure  remaining  unaltered.  This  condition  may  be  brought 
about  by  section  of  the  vaso-constrictor  fibres  contained  in  tlie 
renal  nerves,  or  by  Htimulatinn  with  slow  rhythmical  ahocka  of 
the  vaso-dilator  flbrea  for  the  kidney  contained  in  the  anterior 
roots  of  the  nth,  ISth^  and  13th  dorsal  nerves  in  the  dog.  In 
hydremic  plethora  alflo^  while  the  general  arterial  blood  pressitre 
is  scarcely  altered,  there  is  a  marked  dilatation  of  tbe  arterioles 
in  the  kidney,  as  well  as  in  other  abdotninal  viscera-  Conversedy 
both  the  pressure  and  rate  of  flow  in  the  kidney  vessels  may  be 
decreasod  in  the  following  ways — (I)  A  laU  in  the  general  arterial 
blood  pressure.  This  m^j  be  brought  about  by  cardiac  inldbition 
due  to  stimulation   of   tbe    vagus  in  the  neck-     Tf  the    heart    is 
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iaiiibited  sufliciently  to  produce  a  kll  in  the  arterial  blood  preasure, 
the  kidney  Ydlume  ahrinka  and  the  flow  of  urine  is  diminished, 
Tlie  vagua  probably  has  no  direct  action  upon  the  secretion  of 
iirinej  as  is  shown  by  the  fact  that  stimulation  of  the  vagus  below 
the  diaphragm  does  not.  in  the  hands  of  Tno^t  observers,  influence 
the  secretion  of  urine,  The  necessary  fall  of  general  arterial 
blood  preasure  may  alao  be  brought  about  by  -widespread  vaso- 
dilatation. Thus,  eoctioD  of  the  aplanchnics  in  the  rabbit  may 
reduce  the  general  arterial  blood  pressure  sufficiently  to  cMintt^r- 
balance  the  effect  of  the  dilatation  of  the  renal  arterioles,  and  may 
ao  prevent  any  increase  in  the  urinary  excretion.  But  section  of 
the  spinal  cord  in  the  cervical  region  produces  euct  an  enormous 
fall  of  arterial  pressure  that  the  kidney  volume  ehrinks  in  spite  of 
the  renal  vaao- dilatation,  and  the  secretion  of  urine  h  greatly 
decreased  or  abolished.  It  has  freqaentlT  been  found  that  when 
the  aortic  blood  preBsiue  falls  below  about  40  mm.  Hg,  the  flow 
oF  urine  stops.  (2)  Constriction  of  the  renal  arterioles,  the  general 
arterial  pressure  rematmu^  unaltered.  This  conditcon  may  be 
produced  by  stimulating  the  renal  cerveSj  which  causes  a  shrinkage 
of  the  kidnev  volume  and  a  decreased  flow  of  urine,  Th«  aame 
result  may  be  brought  about  by  mechanically  constricting  the 
renal  artery.  Tt  is  then  found  that  the  flow  of  unne  varies,  after 
ft  certain  point,  with  the  degree  of  the  ccnatriotion,  and  that  when 
the  artery  ia  completely  or>(dudHd.  or  evi^n  before,  the  flow  of  urine 
stops  abruptly.  It  has  been  found  that  wheti  the  couatriction  ia 
relieved  alter  having  Ineted  only  a  few  minritea,  there  may  bo  an 
mterval  of  forty-five  minutes  before  the  secretion  of  urine  begins 
again.  At  first  sight  this  is  &  surpri^og  result,  and  the  explana- 
Lion  ul  it  is  by  no  means  certain.  It  is  possible  that  the  tem[K>rary 
auppression  of  urine  ia  in  part  due  to  an  ef!ect  produced  upon  the 
cells  of  Bowman's  capBule,  and  that  they  arc  affected  seems  to  be 
shown  by  the  albuminuria  which  aocompanies  the  secretion.  It 
would  Heem  more  probable  that  the  explanation  is  to  be  found  in 
the  following  series  of  event*^,  namely*  that  arterial  ischiemia  ia 
followed  by  arterial  engorgement,  which  may  bo  so  severe  and 
lead  to  such  an  increased  formation  of  extravasculur  fluid  thab 
atrangulatjon  of  the  veins  and  ceasation  of  the  blood-flow  throuii 
the  part  takes  place. 

B    Obdrudwm  vfthf  Renal  Vrin  is  the  exception  referred  luat 
ftr,  while  it  raiaee  the  capillary  blood  preaaore  in  the  kida 
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corrcapondingly  <Ieorejues  the  rate  of  blood-tlovr  through  the  oifin 
It  would  appear,  therefore,  la  he  a  menns  which  might  help  to 
decide  betweefk  these  two  views.  Complete  obstnictton  ol  tbr 
vein  nifceasarily  stops  the  bloixl-flow  through  the  kidney,  wmI 
most  obaerverfl  have  found  that  it  has  the  same  effect  upoo  tij; 
secretion  of  urine,  although  it  lb  supposed  to  increase  greatly  tiii 
pressure  iji  the  glomerular  capillaries.  Ludwig  showed  mioD' 
acopically  that  the  interlobular  vema  become  so  swoUtm  as  tt 
obatmtt  mechftriicftlly  the  loops  of  Henlef  anJ  cousequentlv  tht 
pusa^  of  fluid  down  the  tubulea-  Ueidenbain  did  not  accql 
this  oKplanation,  and  laid  ^;reat  stress  on  the  cjcpcrimcnt  as  sboir 
ing  that  it  is  the  rate  of  blood-flow  through  the  capillatiea  nt^ 
than  the  pressure  in  them  which  deternii&es  the  rate  of  »ecrelioa 
of  urine.  This  concluaion  of  Heideiihain^s  waa  certainly  not  j 
fied,  for  he  never  disproved  the  truth  ot  Liidwig'a  observation. 
further,  it  ia  obvious  that  complete  oeaaaUon  of  blood-flow  ^m-u^i 
the  glomeruli  must  lead  to  auoh  n  concentratioQ  of  the  hUfod  ir 
their  rapIUarie^  tbat  ^tration  would  soon  become  impOMJUt 
Since  then,  however^  it  has  been  shown  by  several  observers  ifaff 
partial  obstruction  of  the  vein  reduces  the  flow  of  urine,  iflC 
De  Souaa  has  measured  the  blood-flow  through  the  kidnev  imdtf 
theae  circumst&ni^e^.  He  fourd  that,  other  things  being  equL 
the  amount  of  urine  secreted  ia  directly  proportional  to  the  veJosti 
of  blood-fiow  through  the  kidneys,  and  that  every  de^et  of  venoiu 
obatruetion  diinimsbee  the  secration  by  slowing  the  blood-flu* 
aod  quite  apart  from  any  change  In  the  aortic  blood  preasurc.  Bi 
wafi  further  able  to  disprove  the  statemeEt  of  Schwarz  that  tv 
oouation  of  urinary  secretion  is  due^  not  to  the  venoua  obstrucur< 
aa  Buehf  but  to  intravascular  clotting,  and  that  if  a  dog's  bloM 
is  made  imcoagulable  by  previous  defibrination,  obBtnictaon  oftb' 
vein  then  causes  an  increased  secretion  of  urinc- 

We  may  aafeCy  conclude  that  obstruction  of  the  renal  vm 
however  sLgbtf  causes  corresponding  reductions  in  the  flow  » 
urmo  and  the  rate  of  blood-flow  through  the  bdney.  But-  belsB 
atrcepting  this  as  a  powerful  argument  againat  Ludwig's  vieWi  * 
is  necessary  to  rcnaider  the  effect  of  partial  venous  obstnidi^ 
on  the  filteriag  forcCn  i.e.  the  difference  between  the  pressures  * 
the  twc  sides  of  the  hltering  membrane.  It  ia  fair  to  aagorof*  t^ 
the  capillary  blood  pressure  would  be  raised  ;  tbe  only  iiiicert*ib? 
on  this  point  would  be  due  to  the  fact  that  between  the  renal  t* 
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end  the  glomeruJuB  is  the  capillary  plexus  round  tht)  tubulea.  Od 
the  other,  i.e.  tKe  tubulo,  aido  of  the  glomcnilo-r  cpitlieliiiiii  it  is 
equally  possible  that  the  presaurc  would    he  increased  and  the 

•  available  filtering  force  thereby  reduced,  For,  if  Ludwlg'a  obaer- 
Vfttiona   are   true — and  they  have  never  been  contradicted — that 

obstruction  of  the  renal  vein  begma  to  comprcas  the  tubule  close 

to  the  glomeraluB,  theu  &  rising  presaure  of  glomerulua  filtrate 
^t  within  the  tubule  becomes  possible,  Sollmann  has  demonstrated 
^Btbat  this  does  take  place  in  excised  kidneya  whea  perfused  with 
^ml  per  centn  aodium  chloride  solution.  Here  the  '^  urine  *^  lie  a 
H  mechsmcal  Eltrate,  and  the  fact  that  every  degree  of  obatniction 

of  the  renal  vein  dlmirislLea  oorreapoadingly  the  outflow  of  '*  urine  *' 

can  be  explained  only  by  decreased  filtration- 

PAn  a  ■priGri  objective  raised  by  HeidenhuLU  to  Ludwig's  theory 
may  be  dealt  with  here.  He  calculated  from  the  probable  per- 
centage of  urea  in  human  blood  that,  in  order  to  account  for  the 
uxea  in  a  whole  day's  urine,  70  kilos  of  fluid  would  have  to  be 
^  filtereiJ  through  the  glomemli,  of  which  about  <i8  kilos  would 
H  be  reabsorbed.  He  estimated  that  the  total  ciiculation  through 
both  kidneys  in  twcnty-four   hours  amounted  to  only  130  fciloa 

tcf  blood,  and  that  it  would  therefore  be  neceesary  for  the  blood 
fts  it  paaaed  thiough  the  glomeruli  to  lose  more  than  half  its 
weight  of  fluid,  a  proposition  which  lie  considered  absunl.  De 
Bousa  baa  given  a  vetr  different  calculation  as  the  result  of  hia 

H  experiments  on  the  blood-flow  through  the  kidneys.  He  aseumea 
that  blood  mar  contain  0"!  per  cent,  urea.  In  order  that  a  day's 
urine  might  contain  33  grm.  of  urea,  33  litres  of  fluid  would  have 

■  to  be  filtered.  He  calculat&4  tliat  the  blood^Flow  through  both 
kidneys  together  may  amount  to  382  litres  in  twenty-four  horns, 
33  litres  is  only  3'7  per  cent,  of  thia  amount;  consequently 
Ludwig's  view  need  entail  a  coneentratioTi  of  the  blood  as  it  passes 

•  through  the  glomeruli  by  only  3-7  per  cent.  Such  a  concentration 
is  a  long  way  within  the  limits  found  by  Barcroft  to  take  place  in 
the  submaxillary  gland  during  activity. 
^_  Obsfrttftion  of  the  Urder, — It  haa  been  shown  that  when  a 
^nnercury  manometer  is  conneeted  with  the  ureter  above  a  oom- 
^^Hate  obstruction,  the  pressure  rides  at  br^t  rapidly  to  about 
I^SO  m.m.  Hgi  and  then  more  slowly  to  about  GO  tn-m.  Hg,  at  which 
level  it  remwns  stationary^  The  ureter  and  pelvis  of  the  kidney 
■Jbecome  distended  with  urine,  &nd  the  kidney  and  surrounding 
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tissae   aBdemAtoua.     The  InterpretatioD    of    th&e    results   \a   of 
importance, 

Ludwig,  in  ficcordance  witb  liis  view,  pointed  ont    that  C^ 
filtering  force  in  the  gloiiicrulu9  must  be  the  diff^renco   bctwe«a 
tliB  capillary  pressure,  P,  and  the  prc^ure  of  urine  in  the  tnbuU.  j> 
Sinre  p  under  norma]  (^ircumatAuceit   is    probably   eero.   P^  vjl) 
be  equal  to  the  capillary  blood  pEcsauie.    Aft«r  section  of  the 
spinal  cord  it  wafi  found  that  the  secretion  of  urine  c^^oacd  vh«B 
tbe  arterial  preasure  had  fallen  to  about  40  or  50  mm.  Hg.    tb 
considered,  therefore,  that  the  filtering  farce  inuat  be  greater  Ibu 
about  40  mm.  Hg  in  order  to  be  eBective,  a  point  to  which  *c 
ahall  have  to  return.    But  it  was  clear  thati  when  P  reniainci 
normal,  the  filtenng  force  might  be  reduced  beluw  ita  efiecfivf 
limit  equally  well  hy  increasing  the  value  of  p.     He  e^cplainod  tbi 
stationary  level  of  the  maiiuim-ter  in  an  ohatructed  ureter   a«dr 
point  at  which  £Itration  ceased^  because  P-p  waa  reduced  belof 
Its  efiectivG  level.    In  other  words,  during  obstruction  the  oit^ 
^pMaaure  lepresentB  the  filtration  pressure  of  the  kidnev,  and  ami 
therefore  bear  a  constant  relation  to  the  arterial  blood  pravu* 
Starling  haa  given  an  experiment  to  show  this    relation.      Ei 
injected  diurctin  into  a  dog,  and  thereby  raieed  the  arterial  h\ooi 
pressure  from  115  to  about  130  mm,  Hg,  and  at  th«  same  tin* 
the  un>ter  pressure  to  about  90  mm.  Hg,     Gottlieb  and  MagnV 
h*vB,    however,    been    unable   to   confirm   thia   con;4tant    relittdl 
between  the  arterial  and  ureter  pressures.    They  find  Ibat  diniitb 
fjonorally,  and  especially  the  salines,  increase  the  ureter  pn«na[ 
but  quite  independently  of  the  general  blood  pre^uro,  oo  tbftt  ^\ 
actual   diSerence   between   the   two   preasures   may   be   eitlici  ^1 
creased  or  increased  ;    and  that,  as  the  diuresis  paases  oQ,  then' 
A  fall  of  ureter  pressure,  again  independent  of  the  general  artwl 
blood  pressure,     They  use  this  as  an  argument  against  tbe  fiho 
tion  theory.    But,  as  SoUmann  has  pointed  out,  the j  oTeiloob^ 
the  fact  that    the  hydremia,  by   reducing  tbe    viscoaity  ot 
blood,  would  increase  the  glomerular,  and  so  the  ureter^ 
without  raisii^g  the  general  blood  prcaanre ;    and  be  has 
fitrated  on  exelsed  Iddne3'3  that  reduction  of  the  viacosity  of 
blood    does    raise    the    ureter  pressure    indepeudeatty    of 
pre*«urp, 

tieidcnhain   gave    a   different    explanation    of    the    eUsot 
obstructing  the  ureter.    He  observed  the  same  phenoiuenon 
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a  manometer  was  coimeeted  with  an  obatrueted  bile-duct.  In  this 
case  it  is  generaUj  allowed  tbat  th**  stage  of  equilibrium  marks 
the  point  at  which  secretion  and  sbnorptioD  exactly  balance  each 
other.  He  Emggested  that  the  same  ia  true  for  the  kidney.  Accord- 
ing to  Heidenhatn,  the  mane  meter  dcH?s  not  register  the  filtration 
preaaiire  of  the  kidney,  but  the  pressure  at  which  a  wholly  artificial 
and  abnormal  reabsorption  balances  secretion.  And  considering 
that  Ludwig'e  own  view  flupposea  constant  absorption  by  the 
tubules,  it  would  seem  that  Heidenhnin's  explanation  at  aity  r&te 
might  be  possible  h 

It  is  an  assumption  to  conclude,  as  Ludwig  did,  that,  when 
the  ureter  la  diritojided  with  Quid  under  pressure,  hhe  same  fluid 
pressure  must  exist  right  up  the  tubde  to  the  glomerulus.  It  has 
been  found  impoaaible  to  inject  fluid  boclfwords  from  the  ureter 
up  the  tubuleflr  arid  according  to  Ludwig'fi  view  the  glomerular 
filtrate  has  under  normal  circumstancea  two  alternative  routes 
of  escapR.  The  bulk  of  it  paaRea  back  into  the  IjIooiI.  and  only  a 
Bmall  fraction  pasaes  down  the  tubule  into  the  ureter.  We  should 
therefore  expect  that  obstruction  of  the  ureter  would  not  dara 
back  fimd  uuder  pressure  in  the  tubule,  but  would  determine  th^ 
escape  of  a  greater  proportion  into  the  blood,  an  long  as  thut 
route  waa  open-  Obstruction  of  the  ureter  might  cloae  this  route 
into  two  ways — either  by  producing  changes  in  the  absorbing 
epithelium,  or  by  the  accumulation  of  urea  and  other  crr-gtalloids 
in  the  tubules  until  their  oHmotie  pressure  waa  equal  to  the  absorb- 
ing power  of  the  epithelium.  For,  according  to  Ludwig's  view, 
urea  and  other  specific  urinary  constituents  are  not  reabaorbed 
after  bcLug  filtered  off  Erom  the  blood.  An  oxamination  of  the 
urine  which  is  found  in  the  distended  ureter  and  pel™  does  not 
throw  any  light  on  this  (jueation.  It  is  of  low  specific  gravity  and 
contains  but  little  urea  ;  a  result  which  may  be  explained  equally 
well  by  actual  reabaorpfcion  or  failure  of  excretion  under  the 
abnormal  conditions^  That  obstruction  of  the  uretor  may  alter 
the  propertiea  of  the  renil  epithelium  seems  to  be  suggested  by 
the  character  of  the  urine  secreted  after  a  temporary  obstruction 
of  the  ureter.    This  urine  ia  very  copioua,  has  a  molecn''  M 

ccntratron   much  below  normal,  and   the  reduce  ^ 

iiiorganie  conBtituentd  far  more  than  the  on 
sible  to  say  whether  tliia  result  indii^ate^ 
certain  constitueute  or  their  decieased  ej 
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The  mterpretatioD  of  the  reanlts  of  total  obabroctton  of 
ureter  la  further  complicated  by  the  fact  that  tho  blood  fl 
througli  thj?  kidney  h  at  tho  same  time  interfered  with.  T 
may  well  account  for  the  observed  (edema  of  the  perinephric  tbsiu 
It  has  b?en  supposed  that  the  diatenaioa  of  the  renftl  tabu 
oauBos  thpm  to  proBa  upon  tho  vomdofl  in  the  kidney.  Whate^ 
The  e^qil&nation  is,  experimenta  have  ahoorn  that  vchen  the  uret 
pressure  is  raiBed  to  100  mm.  Hg  the  k-idney'  becomes  dark 
colour,  the  oncometer  ebowB  a  great  e^anaioo  of  the  kidn 
volume,  and  the  oufcflovr  from  the  renal  vein  and  preasure  in 
interior  are  considerably  reduced.  Thia  interierence  with 
blood  flow  through  the  kidney  nught  affect  filtration  by 
glouiendi  or  excrellon  and  absorption  by  the  tubules.  In  fu 
wc  can  only  conclude  that  experiments  deahng  with  the  to 
occlusion  of  tbe  ureter  throw  no  light  at  present  on  the  mode 
actinn  of  the  glomenilus  or  tubule.  * 

Action  of  Saline  Diuretics. — In  no  part  of  the  aubject  dealij 
nith  the  accretion  of  urine  has  more  work  been  done  recen 
than  upon  the  action  of  tho  saline  diuretics.  They  include 
crystalloids  which  can  be  injected  intravenously  in  large  iguantitia 
such  as  Nad,  NajHPO,  Na^SO^,  nraft,  dextrose,  Ac,,  and  theref 
correapond  to  Heidenhain^B  second  class  of  lymphagopues. 

It  was  krowD  that  the  injection  of  one  of  these  fiubstan' 
would  c&uae  a  secretion  after  the  flow  of  urine  had  been  atopp« 
by  aeetion  of  the  apinal  cord,  and  that  at  the  time  of  the  secret! 
the  arterial  blood  piesaure  was  raised.  But  Heideuhain 
sidcred  that  tbc  action  of  these  substances  could  not  be  accounts 
for  by  a  vascular  change,  because  their  injection  nugbt  and 
normal  circumstances  increase  the  secretion  oi  urine  without  at  tl 
same  time  altering  the  aortic  blood  pressure.  He  therefore  cm 
sidered  that  these  substances  acted  as  specific  stimulonta  to  tl 
decretory  activity  of  the  renal  oella. 

It  was  shown,  however,  that  the  diuretic  effect  of  differ* 
solutionis  eorrespooded  raughly  to  their  osmotic  pressure,  ai 
further  that  theii  injection  produced  hydnemio  plethora.  Tl 
vascular  changes  accompanying  hydra?mic  plethora  have  bea 
shown  by  Starling  to  consist  of  a  very  alight  rise  in  aortic  preaaufi 
a  dilatation  of  the  visceral  vesaela,  a  general  rise  in  the  veno 
and  capitiaij  pressures,  and  an  Increased  rai^dity  of  blood  do 
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rling  inveatigated  the  action  of  dextrose  on  the  renal  drcula- 
ion,  and  found  that  the  diureBia  and  increase  in  kidjiey  volume 
were  coterminous,  and  that  bpth  might  cormiderablj-  outlast  the 
plethora.  Tt  was,  therefore,  clear  that  beaidea  the  plethora  there 
aa  aomo  local  action  on  the  kidney  causing  both  dilatation  of 
blood'Vosaels  and  dmresia.  In  order  to  decide  whether  the 
turoeia  waa  caused  by  the  local  v&so-dilatatton  or  was  independent 
of  it,  he  injected  dextroae  and  allowed  blood  to  escape  from  the 
carotid  arterj'^  at  a  rate  sufticient  to  keep  the  kidney  volume  from 
expanding;  he  then  found  that  no  diuresis  waa  produced.  He 
concluded  that  the  diuretic  effect  of  these  substances  was  due  to 
the  vascular  changes  induced  by  them,  and  was  not  due  to  their 
stimulating  secretory  cells ;  a  conclusion  which  is  further  sup- 
ported by  the  fact  that  the  diuresia  ceases  before  the  excretion 
of  the  injected  aubetance  has  come  to  an  end,  Ue  aacribed  tho 
diuresis  to  two  factors,  (a)  hydremic  plethora,  and  a  coneequent 
rise  in  a  pressure  and  velocity  of  blood  in  the  kidaeya ;  and 
{b]  a  direct  dilator  elTect  of  the  injected  auhatance  on  the  renal  blood- 
veaacla  which  helped  to  increaae  capillary  blood  presaure  and  so 
filtration,  Thia  conclusion  aeema  to  be  supported  by  two  other 
obaervationa.  Saline  diuresis  is  promptly  stopped  by  the  vaso- 
constriction  of  the  renal  arterioles,  which  13  caused  by  an  injection 
of  nuprarenal  extract.  Also  caiTein  diureaia  only  takes  place  when 
the  kidney  volume  ib  increased.  The  first  effect  of  an  injection 
of  cafiein  is  to  decrcaee  the  k"idnty  volume  by  vaso -constriction  of 
rip}ieral  origin,  and  during  this  stage  little  or  no  urine  is  excreted. 
Gootlieb  and  Magnus  subsequently  invastigated  th@  subject, 
and  ajcreed  with  Heidenhain's  explanation.  Thev  foundj  like 
Starling,  that  an  increaeed  kidney  volume  generally  accoui panics, 
but  denied  that  it  caused  the  diuresis.  For  they  observed  that 
the  diuresis  outlasted  the  increase  in  volume,  and  niiphl  even 
take  plare  with  a  shrinkflj^**  of  the  kidney.  And  Thompson  from 
hifl  experimcDtfl  came  to  the  same  conclafflon.  They  furthai 
objected  that  in  Starling^s  bleeding  esperiment  the  loss  of  blood 
necessary  to  keep  the  kidney  volume  from  expanding  waa  AW^ 
that  the  aortic  pressure  was  thereby  reduced  to  about  00 
and  tlierefore  invalidates  the  conclusion  which  f 
from  the  experiment.  For,  with  such  an  aortic  j 
Hflidcnhain's  view  it  could  not  be  expected  that  t 
iinything  like  the  effect  which   it   would 
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preaflore  was  normal-    Cuahny,  however,  has  confirm^J 
interpretation  by  eiperiiue.nts  cctidiicteil  tn  &  difTereiit 
controlled  Llie  kidnev  volume  by  putting  a  acrew  cl 
renal  ortcrv,  And  found  that,  when  the  kidney  volume 
down  to  tbe  normal,  the  secretion  of  urine  in  spite  of  tlie" 
waa  unaltered.     This  experimpnt  ia  open  to  the  obvious 
tliat  tbe  rate  of  blood  Bow  tiirougli  tbe  kidney   must 
reduced  by  clamping  tbe  artery. 

MagDUB  faae  raised  another  cbjection  to  Starling^s 
tion  of  the  mode  of  action  of  Baline  diuietiea.  For,  he  ma 
that  it  ta  not  the  plethora — the  alteration  in  volume  of  the 
— but  the  hydrffiinia^ta  alteration  in  composition — which 
diureaia.  He  perfonned  the  following  exp<?rimotit  to  ahci 
alteration  in  volume,  without  alteration  in  compoaitioiu  oau 
diurwiia.  He  tran3fu3e<l  blood  fram  one  dog  into  another  lE 
had  increased  itn  blood  volume  by  34  per  cent.,  aruj  Conn 
no  diuresis  was  caused,  although  the  same  changes  in  I 
volumtt  and  vascular  pres&urta  were  prodaced  aa  when 
diuretics  were  injected.  On  tbe  other  hand,  if  the  tnc 
blood  were  of  abnormal  composition^  &9  when  obtai 
dog  which  hod  received  an  injection  of  flodium  snip] 
diureats  resulted.  Magnus  noticed  that  much  of  th«  fiuti 
transfuaed  blood  left  the  vfteeuiar  system  as  lymph,  and  bh 
fluid  remaining  in  blood-vessels  was  far  more  concentrated 
normal.  It  follows  that  there  must  have  been  in  this  expei 
an  enormoua  escess  of  corpuaclea  and  proteid  in  the  ci: 
blood  which  would  greatly  increase  its  viscoaity,  and 
impede  tbe  rate  of  oirculation  through  the  kidneys. 
this  actually  does  take  place  under  these  conditious  has 
shown  by  Sollmann.  Cuahny  tried  to  avoid  tbia  obieotii 
injecting  normal  aenim  instead  of  normal  blood,  and  fouuf 
serum  injections  do  cause  a  alight  and  slow  diureais.  B 
course,  it  ie  open  to  any  one  to  say  that  aerum  injecttonaj 
the  composition  as  well  as  the  quantity  of  the  blood* 
Magnuses  ejiperiment  indicates  that  all  forms  of  plethoi 
produce  diureaifl.  it  is  impossible  to  deduce  from  it  tl 
diuresis  is  independent  of  plethora.  In  fact,  it  is  imi 
say  how  far  in  saline  dioreais  the  vascular  changes 
diureais,  or  how  far  they  are  merely  adjuvant,  aa  in  the 
of  any  other  gland. 
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P  There  can  be  no  doubt,  bovevcr,  that  Tascolfti  changes  are 
net  the  whole  expUnation  of  saline  diun^ia^  For,  if  thoy  were, 
the  diurem  ought  to  be  equal  for  all  Bclutiona  with  the  same 
oamotiu  presHure ;  hut  It  is  not.  When  difT4^fetit  neulTal  salts 
are  injected  in  such  quantiticH  that  the  blood  becomca  equally 
diluted,  or  n'heu  aolutbna  iaotonic  \vith  the  Mood  are  uaod,  different 
degrees  of  diuresid  are  produced,  MaguM,  for  iustauoe,  inutvd 
that  sodium  aulphate  is  muph  more  diuretic  than  sodium  chJoride, 
although  the  vawMilar  chaiigea  in  the  two  cases  were  much  tlie 
same  in  kind  and  degree.  He  considered  that  tlio  only  pos«ilile 
E^:Tplnnation  was  that  the  sulphata  stimulated  the  renal  cells  to 
greater  activity  than  the  chloride,  and  that  the  result  was  a  strong 
confirmation  o£  Heidcnhain'a  view.  CuBhny  has  given  an  oiplana- 
t^Du  of  these  n^ults  compatible  with  Ludwig^s  view.  lu  this 
view  it  is  clear  that  we  have  to  consider  t^s  a  possible  cause  of 
diureeia  not  only  incroaaed  filtration,  but  also  decreased  absorption 
by  the  tubule.  He  injected  equimolecular  amoimca  of  chloride 
and  »iulphate  simiLknneoualy  into  a  rabbit,  and  found  that  at 
the  height  oi  the  diuie^a  they  were  excreted  in  the  urine  in 
approximately  the  same  proportion  as  they  ejdated  in  the  blood* 
He  looked  upon  this  urine  as  closely  resembling  the  glomerular 
filtrate,  which  he  considered  was  hurried  through  the  tubules  too 
fast  For  much  absorption  to  take  place-  Ah  the  diuresia  parsed 
off  he  found  that  the  sulphate  in  the  urine  predominated  over  the 
chloride,  although  in  the  blood  the  reverse  waa  true.  He  ex- 
plained this  result  on  the  assumprion  that  chloride  can  permeate 
the  tubule  epithelium,  more  readily  than  sulphate,  and  is  there- 
fore more  readily  absorbed,  eacept  when  the  glomerular  filtrate 
ia  being  passed  with  extreme  rapidity  down  the  tubule,  as  at  the 
height  of  diureeis.  The  superior  diuretic  action  of  a  sulphate  ia 
in  his  opinion  due  to  its  less  ready  absorption  ;  conseqiipntly  it 
oppase*  a  greater  osmotic  reastance  to  the  absorpliou  of  water 
by  the  tubule  cells,  and  more  fluid  is  retained  in  the  tubule.  He 
found  that  phosphates  and  urea  were  excreted  in  the  same  way 
as  sulphate  relatively  to  chloride*  and  explained  tbeir  superior 
diuretic  action  arcordijigly.  In  order  to  test  this  eiplanatioa  of 
the  diSerent  degrees  of  diuresis  produced  by  various  c^ 
he  performed  another  series  of  experiments  on  ra 
pared  the  nriuo  obtained  from  one  ureter  '^' 
.lb  to  30  mm,  Hg  waa  introduced  witl 


}0« 


ACTION  OF  SAUXE  DIURETICS 


ureter.  Tlie  object  of  Uw  nauteoce  va«  to  aiov  dcrtni  dv  I* 
thiOQ^  tLe  tabole.  ukd  k  affoid  grater  opportunity  ier  i^ 
BorptiotL  He  lound  that  tbe  mine  fiom  the  obstracted  •■  cD» 
pftied  vitb  that  from  the  frepe  meter  rontAioed  leoa  watai  li 
chloride  relalivelr  to  the  phospbHte,  sulphsi^.  ure^  UidriOiff 
Filehne  ha^  beem  uoable  to  co!;fin&  tbce^  re^uJts  cotnplrtiir  m 
behevea  thatelifht  obstmctioii  of  one  ciretcr  maj  bring  about  difo 
ences  in  the  urib^  from  the  two  adv^  either  b^  reducing  the  aDfltf 
of  glomerular  setretioQ  or  by  aflectifig  the  aecretlon  by  the  toM 
OD  that  aide.  Nevertheless  CiuhDy^A  expfiiiments  as  tbey  MH^ 
and  others  which  w\SL  be  cooadered  later,  soggest  that  the  vA/h 
can  absorb.  But  it  moat  be  Temembered  that  in  ordfr  ta  bcv 
this  ioterpretatioa  two  aaaumpticinfl  are  neceaoari'.  In  the  fi* 
pUe«,  that  the  tmne  »ept^feted  by  the  tvo  tddneva  undor  aooa 
conditions  is  always  the  aame.  T^is  has  som&dmes  been  {naJ 
to  he  the  case,  but  m  dog^  and  mac  at  arty  rate  not  alvaji 
And  in  the  second  place,  that  moderate  obstruction  of  a  vM 
brings  about  the  observed  change  in  the  urine  by  favotail 
absorption  from  the  tubule,  and  not  by  interfering;  with  the  IW 
supply  oi  the  kidney  nor  by  altering  the  wcretory  activity  of 
oelb,  nor  by  absorptioQ  in  the  iu«t«r  or  pelvis  of  the  kidner, 
haa  been  found  by  experiment  that  a  ureter  pressure  of  50 
Tedncea  the  venous  outSow  from  the  kidney  b}''  only  10 
It  doea  not  seem  likely,  therefore,  that  the  ureter  presattrae 
by  Cuahny  could  have  very  materially  interfered  wit^i 
cireulAtion'  Sch^rarz  had  maint^ned  that  a  slight  obs 
the  nr^ter  equal  to  25  cm,  of  oil  actually  inereasea  in  dogs 
of  urine,  while  the  obstroctJou  l»uts.  and  has  su^ested 
either  interferes  with  absorption  or  stimulates  secretioci- 
ohaervers  have  obtained  similar  reaulta.  It  is  cle-Ar, 
that  the  mode  of  aetion  of  partial  obfltruction  of  the 
a  matter  of  controverfly. 

'We  have  seen  that  the  injection  of  a  salt  solution 
the  volume  and  composition  of  the  blood,  and    migh^ 
diureeis  either  by  Btimulating  secretory  cells  in  ace 
Heidcnhain's  view,  or  by  changes  iu  the  renal  circulation 
to    Ludwig'B  view.      But    at  present    there    ia  no    evideiv^ 
prove   whieh  of  these   is  rights     The  different  degrees  of  i 
produced   by  various   crystalloids  may  be  explain^    ottl 
diSereucea  in  their  secreto-motor  actioa  or  by  diB«rent 
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of  their   absorption.     And   again   there   u   no   e:{ptirimQnt   wliich 
proves  finally  which  of  tbc  two  explaaations  lb  correct. 

The  iDvcdtigation  of  the  action  of  dinrftit^s  other  than  saline 
haa  failed  to  throw  much  light  on  the  secretion  of  urine.  Phillip* 
ar»d  Urailford  found  that  when  J  or  J  grain  of  cafFein  citrate  in 
injected  into  a  vein  the  kidney  volume  sbrinks  for  Beveral  minutes, 
and  the  flow  of  urine  ia  checked  entirely  or  in  part,  This  con- 
fitriction  of  the  kidney  is  followed  by  a  marked  and  perai^tent 
expansion,  which  19  accompanied  by  a  considerable  diirreala.  These 
vascular  changes  occur  after  section  of  the  aplanchniost  acd  Aeem 
to  be  of  peripheral  origin.  The  ^neral  arterial  blood  preeaurc 
undergoes  after  an  initial  fall  laBting  but  a  few  seconds  a  rise 
to  about  rtormal :  it  therefore  cannot  cause  the  changes  b  kidney 
volume.  Gottlieb  and  Magnus  also*  have  found  that  the  kidney 
volume  and  diureaia  caused  by  the  injection  of  caffein  or  diuretin 
nin  a  more  or  Icea  parallel  course.  Neverthelesa  it  ia  probable 
that  the  changes  in  renal  circulation  do  not  eauee  the  alterations 
in  the  secretion  of  urine.  For,  Philli^is  and  Bradford  noticed  that 
after  oaflein  injections  the  dilatation  of  the  renal  vessela  might 
occur  without  any  diureais,  And  Gottheb  and  Magnus  were  able 
to  coiifirni  Schroeder'd  atatement  that  by  the  injection  of  chloral 
hydrate  it  is  posuble  to  replace  the  expansion  of  the  kidney 
volume  by  an  enormous  shrinkage,  and  yet  the  diuretic  effect  of 
caffein  may  be  observed,  (■affein  must  therefore  have  a  diuretic 
action  quite  apart  from  any  clianges  it  produces  in  the  renal  circu- 
lation, but  whether  it  causes  paralysis  of  absorption  or  a  stimu- 
lation of  secretory  activity  is  unknown. 

Philhps  and  Bradford  inveatigated  also  the  diuretic  action  of 
digitaUn  and  stiophanthin.  They  found  that  an  injection  of 
digitalin  causes  a  flight  but  persistent  rise  in  the  general  arterial 
blood  pressure,  due  partly  to  increasetl  force  of  the  heart-beat 
and  partly  to  peripheral  vaso-constriction.  The  kidney  voiume 
undergoes  a  considerable  diminution  aynchronous  with  the  vaao- 
comEtrictioUf  which  may  lost  half-an-hour :  this  shrinkage  is  nnt 
followed  by  an  expansion,  as  it  is  after  cnfff.iu.  The  dow  of  urina 
ia  not  decreased,  and  may  even  be  slightly  increased  during  the 
period  of  renal  vaso-conatriction ;  this,  again,  ia  unlike  the  eQ&c^ 
produced  by  calfein  alone,  but  like  the  combined  action  of  caffein 
and  ohIoraL  This  slight  diure«is  after  digitalin,  in  apito  of  renal 
vaso-constriction,  might  be  explained  by  an  increased  arterial  blood 
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omtfdaftcting  the  locsftl   ooaatficlioa  ii 
TUa  «|fcnBtioii  utnm  to  be  favoured  by  u 
lf»gMli*ll^  tbkt  m  combiiiatioii  of  digitalia  witli  i 
doctor,  Mch  M  EutfO-^joninic.  ijKze»aed    the  diaretie 
<iipt>tin     UnFortQiutdy  bo  ^  do!  ivcord    tbe   kidue/ 
wkicb  robfl  ibe  expedmeota  of  mncb  raloe   iti  tlw 
On  the  other  haad,  the  inTntiffrtion  of  the  action  of 
IB  Strang   evidence   igunafe  thk  nplanation    of    the 


(figitalia.     For  an  ui|pcUoq  of  stiophacthin  cauaeB  «  muM 
in  the  arterial  btood  preanm^  dae  to  ita  act*oo  on  the  heart 
and  vithout  any  penpher&l  vaso-confitrictioii,  the  Iddncy 
ia  oom^KMuluigly  incre&sed.  and  yet  t\w  flow  of  imne  k 

W«  again  reach  the  same  conclusion,  th^t  the  va^culaf 
are  no  more  a  complete  e^lanatioD  of  the  action  of  the» 
of  the  saJine  diuietics ;  but  we  are  onabk  to  decide  in  wb«t 
iray  they  act. 

The  Retention  of  Chloridea  in  the  Bodj. — ^it  is  «  wM 
fact  that  in  pneumonia  and  GthtJ  fevers  the   pereenta^  and 
excretJoQ  of  chloridfA  in  the  urine  may  be  greatly  r^uccd. 
oauae  of  tbia  redaction  is  Urgety  due  to  de£riency  of  chkv^ 
the  food,  as  Hatcher  and   SoUmann  have  ahown.     The 
oontent  of  the  blood,  however,  la  not  reduced,  and^  furtbei; 
quantities  of  chloride  given  by  the  mouth   may   be  retaiud 
the  body.    The  me<^ham9m  of  this  salt  retention  can  be  exn\ 
on  either  Ludwig's  or  Ueidoobain^a  view.     On    either  vkw 
ahouM  have  to  auppoae    that,  vbeti  the  body  coanot  aflori 
part  with  chloride.  tluB  f&ct  is  eommunicated  to  tho  hi 
BO  that  either  chlorides  are  more  fully  absorbed  from  the  gli 
filtrate  or  the  ceils  of  Bowman^a  capsule  do  not  secrete  thevi- 
both  casfia  tbe  alteratioa  would  be  due  to  the  vital  adji 
cells. 

Forster  haa  ^ven  a  purely  phyaicul  explanation  of  thw  pblB^ 
menon.  He  believes  that  cryst&lloida  in  the  blood  Enav  fCDtft' 
two  at&tes  :  a  amall  part  free  and  ^blc  to  pass  through  the  dovtf 
ular  epitheUuiD,  and  a  lar^or  part  in  comUnation  with  colloid  iW 
unable  to  be  passed  through  the  glomerulus.  CooBequentlj  iW 
glomerular  filttate  would  contain. not  the  entire  aah,  but  onl'^ 
aalta  of  tbe  i^la^ma  wlijch  were  Eree,  that  ia,  beyond  the  com^" 
power  of  the  colloid  present.  This  theory  could  be  mi 
explain  many  of  the  ascertained  facta  in  connection   wi 
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poecretioii  of  mine.  For  inatance,  the  fact  ih^t  sugar  does  not 
ftppe&r  m  more  ttan  traced  in  the  urine  unleas  there  ia  a^  exceaa 
iof  dextrode  In  tbe  blood,  Hypi^rgljccomia  'is  present  in  all  forma 
of  glycosuria  except  pbloridzin  diaboUs,  and  m  thia  condition  it  is 
supposed  by  Loewi,  Pavy,  and  Lusk  tJiat  a  sugar  colloid  com- 
pound is  broken  up  In  the  kidney^  and  the  dextrose  so  liberated 
ia  excreted.  Indeed,  the  facta  coonected  with  phloridsin  diabetes 
ftre  capable  at  present  oE  no  other  explanation.  The  theory  oan 
explain  aUo  why  a  diuretic  leada  to  an  increased  excretion  of  eugaf 
in  all  forms  of  glycosuria  excepting  phloridzin  diabetes,  and  why  in 
ihls  ]aat  condition,  in  dog^  at  any  rate,  tLe  diuresis  produced  by 
phloridzin  is  not  accompanied  by  an  increased  ercretion  of 
ohlohdea.  It  readily  explains  why.  in  Bome  experimentB  and  in 
individual  animals  no  urine  is  excreted  unless  there  ia  added  to 
the  blood  in  excess  some  substance  capable  o£  passing  into  the 
arine.  For  instance,  Munk  found  that  when  the  blood  of  a  fasting 
dog  was  circulated  through  an  excised  kidneyt  no  secretion  of 
uiiDe  took  place  unless  a  chloride,  sugar,  urea,  &c.,  was  added, 
Nuaabaum  found  that  no  urine  was  secreted  by  a  frog  after  ligature 
of  the  renal  arteries  imless  urea  was  inji^cted.  Magnus's  experi- 
ment of  tcansEufling  whole  blood  has  been  referred  to ;  he  found 
no  diuresis  unless  the  composition  of  the  transfused  blood  was 
abnormal,  Spiro  in  the  same  way  found  that  the  injection  into 
Caating  animals  of  solutiona  of  gum  ar  gelatine  caused  no  dinre^, 
even  with  tiie  aid  of  caffeln,  although  the  quantity  of  fluid  in 
circulation  had  been  increased  by  80  per  cent- ;  if,  on  the  other 
handi  the  animals  had  bc&ix  fed  and  well  watered  beforehand,  then 
diuresis  resulted.  The  different  degrees  of  diiiresie  produced  by 
equi molecular  solutions  of  different  salts  could  be  explained  on 
the  supposition  that  aodium  chloride  enters  more  eaaily  into  a 
non- filterable  combination  with  colloid  than  sodium  sulphate,  and 
therefore  has  a  superior  diuretic  action.  Most  of  these  observa- 
tions aiej  aa  we  have  seen,  capable  of  other  explanations.  How- 
ever simple  Forater'a  theory  may  be,  it  lacks  the  neceasary  Jemon- 
etration  that  compounds  uf  crystalloids  with  colloids  really  do 
exist  in  the  blood  or  elsewhere.    For  Instance,  it  has  bee'  I 

that  the  freomg-point  of  a  solution  of  sodium  cl  1 

altered  by  the  addition  of  albumose  or  egg  albuioi  ' 

Martin*  Starhng,  anil  Waymouth  Reid  have  tow 
aerum  through  a  gelatine  membrane  the  bulk 
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p&BB  into  the  filtrate  although  the  membrane  is  tin| 
proteida.  ^ 

Id  cotuLection  with  this  Bubject,  Bollmann  las  ^| 
doga  the  effect  of  different  diuretico  upon  the  excretiofl 
in  the  urine ;  he  divided  them  into  four  groupa.  Jj 
which  reduce  ijreatly  the  percentage  excretion  off 
which  owing  to  the  diuresis  cause  an  incrPiBe  in  the  tot 
e.g.  sodium  sulphute,  sodium  phosphiite,  dextrose, 
(b)  Those  which  decrease  both  the  percentage  and  tofb 
e.g.  water,  and  also  chloride  starvation^  which  is  n<^t 
of  course  by  diuresis,  (cj  Those  which  do  not 
centag«  excretion  m&teiially,  e.g.  caffein  and  allit 
[jUoridzIu,  oil  of  juniper,  &&  These  dJuteticd  do  do 
blood,  {d)  Those  which  increase  both  the  percentag 
excretioii  in  unnes  ongiually  poor  in  this  ion^  ^-^.  sodii 
aodium  iodidcj  sodium  nitrate.  &c.  Comparing  th 
second  |iroups  in  order  to  fiud  the  comnmn  cause  for  tl 
perctintage  excretion,  SoUmann  concludes  that  the  can 
diureaia,  nor  the  preaenco  oi  a  foreign  salt  in  the  blood, 
of  the  plasma,  but  must  be  0  lowered  percentage  of 
the  plasma.  However,  direct  detennj nations  of  the 
ttie  plaama  do  not  show  this  to  be  the  case.  He,  tb 
recourse  to  Forster's  theory,  and  considera  that  the  esa 
in  the  production  of  a  low  percentage  of  cWoridca  in 
A  lessened  amount  of  unbound  chloride  in  the  plaaniA,^ 
the  power  of  a  nitrate  to  Increaae  the  percentage  fl 
the  uiine  by  supposing  that  it  can  displace  chloride  1 
filterable  compound,  and  so  liberate  chloride  for  «izc 
obeerveTS  who  have  worked  with  rabbits  instead  of 
obtained  wholly  different  results.  In  rabbits  the  c 
diuretics  is  to  approxijiiate  the  percentage  of  chlorid^ 
to  that  of  the  blood  as  determined  by  direct  eetJmatitS 
explains  thia  difference  between  dogs  and  rabbita  by  ih^e 
thatdiureticain  the  rabbit  break  down  the  resistance 
i-ella  to  the  excretion  of  combined  chloride,  but  m 
of  the  dog.  It  baa  been  shown  that  the  human 
like  that  of  the  dog. 

The  theory  of  the  combination  in  the  blood 
with  colloid  is  interesting,  and  givea  a  possible  ph^ 
lion  of  many  phenomena  which  have  been  considered 
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dae  to  the  vital  activity  of  cella.    But,  it  atlcU  yet  another 
ubie  eiplanstion  of  Home  of  the  cxperimenta  directed  to  eluci- 
Utc    the   action   of   tlie   gloni(*rulua,   an   explanation    whicli    was 
mtemplated  in   neither  Ludwig's  car   Heidanhain'a  view>   and 
rhich  only  adds  to  our  difficulties  in  coming  t^>  any  concluaion. 

The  Excretion  of  DextiOBe. — On    Ludwig^e   view,  dextrose 
mat    always  be  paasEd  out   by  the  glomenilufl   hke  fivery  other 
iryatalioid  in  the  plasma,  and  must  then  undergo  almost  com- 
Iplete  absorption  by  the  tubule.     According  to  Htidcnhaiu's  view* 
ixtroBe  13  excreted  only  when  it  la  in  exceaa  in  the  blood,  and  so 
inlatea  the  renal  rella  to  secrete  it.    Loewi,  Pavy^  and  Lusk 
iere  that  dextrose  exists  in  the  plasma  as  a  non^filltrable  coai- 
ition  with  colloid,  and  that  only  unbound  dextroae  can  ctct 

into  the  nnne. 
Numerous  observers  have  found  that  the  desrtrose  in  the  urine 
materially  iQcreaaed  during  diuresis  produced  by  casein,  l.heo' 
■bromine.  Sec.,  and  especially  duiicig  saline  diuresia.     Solhnann  and 
lothers  have  observed  marked  individnai  difierencea  in  animals 
the  eue  with  which  diuresia  can  be  produced  in  them,  and  have 
that  many  good  diuretic  auimala  have  normally  a  pro- 
lounced    glycosuria    which    is    increased   during  diuresis.       Such 
fobaervationa  suggest  that  diuresia  may  cause  increased  glycosuria 
hin  normal  animals  and  tend  to  give  auppurt  to  Ludwig's  view, 
[■But  the  ezperimentfl  of  Brown  eeem  to  ahow  that  the  diureais  and 
lycosuria  do  not  stand  in  the  relation  of  cause  and  efTecl  to  each 
Mathews  and  also  MacCallum  have  shown  that  solutions  of 
ium  chloride,  sulphate,  acetate,  and  citiatc,  individually  orcom- 
ledf  produce  diuresis,  and  that  solutions  of  caleium-  strontium, 
ir  goW  chloride  could  prevent  this  diuresis^  and  might  even  pro- 
luce  complete  anuria.    Brown  showed  in  rabbits  that  the  sa[ne 
ilutioTvs  which  produce  diuresia  also  produce  marked  glycosuria : 
[that  email  doaes  of  oalcium  or  strontiunn  chloride  will  atop  the 
iyooBuria  without  a£ecting   the  diureiiiB,   and  that   these  same 
Ita  will  also  prevent  the  glycosuria  caused  ty  phloridzin.     Man^ 
if   Browu^s   eiperiments   show   a   phenomenon    which   was   nott-d 
)y  Thompson,  namely,  that  quite  a  small  injection  of  solotiona 
tt  various  anions  of  sodium  lead  to  a  diureaifi  ft 
the  quantity  of  fluid  injected.    Browr 
:[i^rirniiEit4L  the  glycosuria  as  well  a 
le  action  of  ions  on  renal  cells.    ^ 
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lA  the  oase,  but  he  has  not  proved  the  point.  It  has  b««n  showTY 
that  the  ratp  of  cocveTsion  of  liver  glycogen  into  dextrose  is 
retarded  bv  t^cjum  wits  and  tavcmed  by  the  ions  which  cauae 
dioresifl*  Until  wc  know  that  the  glycoajria  in  Brown's  exped- 
ments  is  not  accompanied  by,  and  therefore  possibly  due  to  hj-per* 
glycoemia,  we  cannot  exclude  the  possibility  that  the  glycosuria 
may  he  of  hepatic  and  not  of  renal  origin.  At  present,  hoivcver, 
we  may  assume  with  Brown  that  this  glycoauria  i^  due  to  the  effert 
of  ion£  on  the  kidney.  This  independence  of  the  diuresiB  and 
glycosuria  sngge^ta  several  po^ble  explanations;  either  that 
the  dextnise  and  water  are  accreted  by  dificrcnt  parta  of  the 
kidney,  and  this  b  poaaible  on  Heidenliam^e  view;  or  that  aalU 
may  inHucnce  separately  the  secrotion  bv'the  ;;loinenilus  oJ  water 
and  dextrose,  which  again  is  possible  on  Heidenhnin's  view,  but 
quite  imposaible  on  Ludwig's  ;  or  that  the  same  salt  may  imxeaae 
the  absorption  of  dextrose  by  the  tubule  and  oot  that  of  watei. 
The  data  which  we  have  for  deciding  between  these  poaaibihti&a 
is  meagre.  We  [do  not  know  for  certain  the  site  m  the  kidney 
of  the  excretion  of  dejctroae,  Nussbaum's  experiments  plac«d  it 
in  the  glomerulus,  and  although  they  are  inconclui^ive,  a^  we 
ahafl  see,  they  do  afford  strong  evidence  that  this  ia  ao.  In 
phloridzin  gErcoauria  we  know  that  the  kidney  volume  paamvely 
follows  the  arterial  blood  pressure  and  shows  no  independent 
eirpansiou,  that  the  diuresis  la  not  asaociaterl  with  an  mcrea*Mi 
percentage  excretion  of  cldorldes,  and  that  repeated  injections 
of  phloridzin  lead  to  changea  in  the  cells  of  the  convoluted 
tubes,  leaving  the  glomeruli  unaltered.  Xhia  evidence  fiuggeata 
that  the  glycosuria  of  phloridzin  at  any  rate  is  independent  of 
the  glomerulus,  and  caused  by  an  excretion  of  dextroae  by  the 
tubules,  and  that  the  site  of  action  of  the  calcium  cbJoride  is 
the  tubule.  Of  course  it  does  not  follow  that  dextrose  ia  normallT 
excreted  by  the  tubule,  and  that  when  calciuni  chloride  stops  the 
glycosuria  of  a  saline  dlureais  it  is  nut  acting  upon  the  glomerulus- 
The  experiments  of  Mosberg  and  others,  in  fact,  aeem  to  show 
that  the  path  of  ejicretion  of  sugar  after  phlcndnn  is  abnonnaL 
for  he  found  in  froga  after  ligatlre  cf  the  renal  arteriea  that 
injection  of  dextrose  led  to  no  secretion  of  urine,  but  that  phloridiiu 
caused  a  flow  of  urine  containing  sugar.  Thus  in  pldoridrin 
glycosuria  we  H<?cm  to  bavo  a  etrong  indication  that  the  tubule 
can   excrete   and    not  aimply   absorb.      The    fact  thai  calcium 
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chloride  can  atop  the  glycosutia  of  a  saline  diure^a  without  H.ETect- 
ing  the  diaresU  can^  en  Ludwig^H  view,  not  be  explained  by  any 
action  on  the  glomemlua,  hut  m\xat  be  du«  to  the  aamo  ion  pro- 
duoing  a  selective  inducnce  on  the  abaorbaat  power  of  the  tubule 
celifl.  Such  a  thing  is  cooceivable.  Fot,  while  it  has  been  found 
generally  that  anions  increase  and  kationa  retard  the  activity 
of  vBiioue  cells  and  ferments,  it  has  also  been  found  that  the  same 
ion  may  so  influence  the  properties  of  a  given  cell  as,  for  inBtoncoT 
to  give  it  a  eeJective  permeability  which  it  did  not  previoualy 
possess. 

The  Propertiea  of  the  Cells  of  Bowm&D's  Oapsnle.— The 
bare  poasibihty  of  Ludwig'a  view  depends  upon  the  properties  of 
this  membrane ;  for  it  must  under  all  conditions  in  which  any 
^tration  takes  place  through  it  at  all  be  equally  permeable  to  all 
crystalioida.  The  difUcultrea  o[  determining  the  permeability  of 
this  membrane  are  obvious;  it  is  impoBfltblc  either  to  esperiment 
with  it  directly  or  to  obtain  the  f^lomenilar  filtrate  aa  it  leaves 
the  membrane.  There  is  no  known  artifi.cial  membrane  which 
haa  properties  exactly  similar  to  those  which  on  Liidwig's  view 
the  glomerular  epithelium  muat  possess.  For  we  know  of  no 
membrane  for  which  the  concentration  of  crystalioida  in  the  filtrate 
13  that  of  the  original  solution.  Important  a,nalogi?B  have  been 
drawn  from  a  study  of  gelatine  membranes  ;  but  these  membranes 
are  equally  impermeable  to  the  blood  prot«ids  aud  egg  albiinoin, 
while  the  cells  of  Bowman's  capaule  keep  back  the  blood  protcids 
and  let  through  egg  albumin.  We  know  nothiDg  about  what 
determines  the  permeability  of  dead  membranes  fov  dif!erent 
eubstanc&s  in  solution  ;  permeability  rnay  be  a  chemical  pheno' 
menon.  a  physical  one,  or  bothh  We  know  nothing,  of  coone, 
about  the  permeability  of  living  c«Us ;  whether  it  has  a  physical 
and  chemical  basis,  or  depends  upon  some  other  property  of  the 
bioplasm  which  is  associated  with  its  living  activity  and  most  be 
called  vital,  we  do  not  know. 

There  can  be  no  doubt  that  the  glomeruh  do  produce  at  least 
the  major  part  of  the  water  oE  the  urine;  Nussbaum's  ezperi- 
merts  of  ligaturing  the  renal  arteries  in  the  frog  ahow  this. 
But  when  we  look  for  other  experiments  to  indicate  the  rule  of  the 
glomcnilua  in  the  production  of  urine,  we  find  that  there  are  only 
very  few  which  give  us  the  slightest  hint  of  the  properties  ol  the 
glomerular   epithelium.     Adami  thought  that  he  had  definitely 
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proved  the  selective  secretoTy  activity  of  these  wUs  in  the  follour- 
ing  way.  He  injected  laky  blood  or  egg  albumin  inl^o  frogs  whose 
aecretior  of  urine  had  been  atopped  by  ligature  of  the  reoal  arteiiM, 
aiid  into  dogs  after  section  of  tho  spina]  cord-  He  found  in  the 
glomeruli  meniaci  of  hajmoglobin  or  protetd,  which,  he  ar^ed, 
muHt  bftve  heeu  secreted  by  the  glomerular  epithelium,  beicauso  no 
urine  Ifcad  been  formed,  and  therefore  no  filtration  could  have  taken 
place.  But'  it  hofl  beea  shown  by  Beddard  that  Adami's  Usiatare 
of  the  renul  arteries  did  not  put  all  the  glomeruli  out  of  circulation, 
aa  he  imagined,  and  although  no  flow  of  urine  was  observed,  it 
is  impossible  to  s&j  that  no  glomerular  filtrate  whatever  had  be«a 
formed-  In  the  same  way  with  the  experiments  in  doga,  a  flow 
of  urine  bae  been  observed  with  arterial  pressures  for  lower  than 
those  recorded  in  Adami's  eJcperiments,  and  although  no  urine 
left  the  kidney,  some  filtration  through  the  glomeni^  may  stil] 
have  taken  place. 

There  can  bo  httle  doubt  that  eilteratiocs  in  the  glomeralar 
epitbGlium  apart  from  change  in  the  arterial  blood  presaure  can 
cause  anuria.  We  have  abeady  seen  that  injections  of  coldum, 
atrontiuDip  or  gold  chloride  will  bring  this  ahout.  Iniecblons  of  a 
certain  albumose  may  lead  bo  the  aame  suppression  of  urine. 
Thompson  has  shown  that  the  various  constituents  of  Witte*A 
peptonB  injected  intravenously  cause  a  great  fall  of  arterial 
pressure  due  to  va^o -dilatation  in  many  areas;  but  that  Cba 
renal  vessels  are  not  caused  to  dilate,  and  hence  the  kidney 
volume  follows  paesively  the  arterial  blood  pressure-  He  turtber 
found  that  proteose  dissolved  in  normal  aaft  solution  cauAed 
diuresis,  but  subsequently  showed  that  the  elTect  could  be  ex* 
plained  entirely  by  the  injection  of  the  solvent  without  tha 
proteose.  Cliittenden,  Mendel,  and  Henderson  found  that  aa 
injection  of  het^ro-albumose  in  normal  salt  solution  might  stop 
the  secretion  of  urine  completely  for  half-an-hour  or  more, 
although  the  fall  in  arterial  blood  pre^ure  was  slight  and 
transient,  ft  is  difficult  to  eec  how  such  anuria  c^n  have  been 
brought  about  except  by  some  effect  on  the  glomerulus.  And, 
as  the  filtering  force  appears  to  have  been  unreduced,  we  an 
obliged  to  beUeve  that  the  anuria  is  due  to  some  charge  in 
Bowman's  membrane.  The  change  in  the  cells  might  be  a  purely 
physical  one;  but  it  ueema  unlikely,  for  Sollmann  has  eho<wa 
that,  when  thia  membrane  has  undergone  complete  (.^hemical  or 
jtosi-fnortern  coagulation,  the  ordinary  capillary  pressure  is  able  to 
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fiJter  fluid.  We  are  therefore  driven  to  tbink  tbat  the  anuria  ib 
due  to  some  change  in  the  vital  propertiea  oi  tbe  membrane. 
And,  if  it  b  once  admitted  tbat  the  Lvicg  ccIIei  can  resist  sticceaa- 
fullf  all  fUtration  througb  tkem,  it  cert&Jnly  eeema  hkelj  thnt 
thpy  must  under  Tiormal  conditions  liave  tlie  power  of  re^ii- 
latiog  indi;pendeatlj  of  the  Altering  force  the  material  which 
paaaea  through  tbem> 

On  the  whole,  the  little  knowledpe  we  have  of  the  properties 
of  Bowuifln*3  membrane  is  in  favour  of  HeldenhaJn's  view.  But 
aa  it  IB  impossible  to  come  to  a  deOnite  concluuon,  we  may  atill 
inquire  whether,  granting  the  properties  to  this  membrane  nccea- 
sary  to  Ludwig^a  view,  the  filtering  force  ia  sofficient  t^)  produce 
filtration  under  all  the  conditions  iu  which  urine  ia  fonjied. 

Adequacy  of  Blood  PrcBBure  as  the  Filterinif  Forced- 
According  to  Ludwig^s  view  the  only  force  available  for  filtration 
ilk  the  glomerulus  \r  that  of  the  capillary  blood  prei4STin>,  a  force 
which  we  unfortunately  have  no  meaoa  of  nieaauring  directly,  but 
which  IB  certainly  small.  Consequently*  no  decrease  in  the  con- 
oentration  of  cryetalloida  in  the  glomerular  filtrate  as  compared 
with,  the  blood  would  be  possible;  for  any  such  decrease  would 
produce  an  onmotic  resistance  to  Eltration  which  the  available 
filtering  force  would  be  inadequate  to  overcome, 

Starling  has  attempted  to  obtain  evidence  in  favour  of 
Ludwig'a  view  by  the  following  lioe  of  leBcarch.  He  determined 
the  osmotic  presaure  of  the  aerum  proteidi),  and  From  the  value 
AO  obtained  calculated  that  the  osmotic  pressure  of  the  plasma 
protcida  would  oorrespond  to  about  40  mm.  Hg-  From  this 
it  foUcwa  tbat  when  the  filtering  force  falU  to  40  mm.  Hg 
filtration  muiit  cease.  And  in  accordance  with  tbia  it  baa  been 
often  found  that,  when  the  arterial  blood  pressure  falla  to  about 
this  figure,  the  aecretion  of  urine  etops.  Starling  tried  to  prove 
the  Game  paint  in  another  way.  According  to  Ludwig^s  view 
ureter  presaure  is  a  derivative  of  blood  preaanre,  and,  when  the 
ureter  ia  completely  obstructed,  will  reach  a  height  which  [^ 
equal  to  the  capillary  preasure  minus  the  osmotic  pressure  of 
the  plasma  proteid.  From  this  it  follows  that  the  ureter  pre^uie 
will  slwnya  remain  about  40  mm.  Hg  below  the  blood  pre^ure. 
and  that,  when  it  has  reached  this  level  the  formation  of  urine 
moat  cease.     Starling   injected    diuretin  into  a  dog  and  found 

^  See  EkUwc'i  nncc,  \j^e  filA 
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tliat  the  ureter  pteHBiu«  rose  witL  a  rue  in  the  arterial  blood 
pressure,  and  tended  to  become  atationary  at  a  pr^-fisore  d 
about  40  mra,  Hg  below  that  in  the  carotid  artery.  Got 
&ad  M&gnufi  W(?ro  unable  to  confirm  Starling' a  o1 
Tbey  found  that  urine  wag  still  secreted  when  the  dlflet^ztfT 
betweei^  the  arterial  and  ureter  pressurca  was  only  a  few  mm.  H^ 
and  further  that  urine  was  still  formed  wheu  the  oaiotid  bloo^ 
pressure  had  fallen  aa  Icjw  as  1^  mm.  Hg.  Theae  observ&ticmi 
would  invalidate  Ludwig'a  view  only  if  the  oamotic  pressure  of 
the  plasma  proteids  were  anything  approaching  40  mm,  Hg 
fitarling^a  methcd  of  estimating  their  cnmotic  prefisure  was  « 
ioliows.  He  freed  sc^mm  of  protcid  by  Altering  it  under  pTeaam 
through  a  gelatinised  Ghamberland  lUter.  This  filtrate  wod  plsoM 
in  an  osmomewr  and  separated  from  the  original  eerum  hy  i 
gelatine  membrane  supported  on  peritoneum,  and  values  ven 
obtained  in  mm,  Hg.  Waymouth  Eeid  baa  thrown  doubt  oc 
the  correctness  of  Starling's  concluaions-  For  he  has  sbowt 
that,  when  serum  is  filtered  through  gelatine,  the  tUtrate  ia  art 
the  original  serum  minus  proteid  only;  for,  the  A  of  the  filtrwe 
instead  of  being  within  OOo*^  C»  of  that  of  the  original 
differs  from  it  by  035°  C.  Although  Reid  has  demons^ 
that  pure  oryatalline  proteida  have  no  oamotic  preaanro, 
admits  that  blocd  aenim  doea  give  a  readable  but  vah^ik 
osmotic  pressure  on  a  gelatine  membrane  due  to  aubatanw 
other  than  proteidg.  The  question,  therefore,  resolves  itaelf  int* 
how  for  the  cells  of  Bowman's  capsule  Lave  properties  anythiaf 
like  those  of  the  gelatine  membrane,  and  this,  as  we  have  ailE^td^ 
seen,  it  is  impossible  to  answer. 

It  is  also  riet-essarj'  on  the  filtration  theoiy  that  the 
preaaure  of  the  glomerular  filtrate  should  never  be  lesa  than  ^al 
of  the  blood  plasma  by  more  than  the  oemotic  pressure  of  tbf 
plasma  proteids,  Aa  we  have  aeen,  unless  the  proteid  oomott 
pressure  is  extremely  low  it  is  impossible  to  ejcplain  filtration 
with  very  low  arterial  blood  prejifiures,  Aasmning,  then,  that  thr 
osmotic  pressure  of  these  proteids  la  something  much  less  thiu 
40  mm.  Hg,  it  is  clear  that  the  osmotic  preasure  of  th^  glompr^ 
ular  filtrate  must  be  but  little  below  that  of  the  plasoa 
Unfortunately  we  caanot  obtain  the  glomerular  filtrate  until  it 
has  already  passed  down  the  tubules  and  been  converted  int^ 
urine^  and  our  ideas  aa  to  Its  osmotic  pressure  are  derived  cb- 
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i\y  by  inference,  Dreaer  fooud  that  a  urine  wLoae  A=2"3*  C. 
fonaed  Irom  b!ood  with  a  A  -  '55**  C.  THa  difference  w- 
mtfi  an  i^normoiis  amount  of  work  done  by  the  kidney  cells, 
td  can  be  explained  equally  well  us  brought  about  by  the 
fcbaorption  of  water  on  Ludwig'a  view  or  the  e3:cr<*tlon  o£  solids 
Lhe  tubules  on  Heidenh&in^a  view.  StArhng  found  that  during 
Lo  diurcaia  following  intravenous  injections  of  normal  snUne  and 
of  strong  salt  or  dextrose  Bolutions  the  A  o£  the  urine  was 
rapidly  reduced  until  it  approximated  but  always  remained 
larger  than  that  of  the  blood-  Tn  tliin  he  sees  a  strong  argument 
in  favour  of  Ludwig'a  view,  for,  the  leas  time  the  tubule  hofi  to 
conccQtratc  the  glomerular  filtrate,  the  more  nearly  should  we 
expect  the  oamotic  preesure  of  the  urine  to  be  Uke  that  of  the 
blood  plaama.  Dreser,  however,  has  found  that  the  A  of  tlie 
urine  in  diabetes  insipidus,  cluriog  caffeln  diuresis  or  after  drink- 
ing 1-5  litrea  of  beer,  may  be  as  small  as  '16°  Ch,  and  even 
Bmaller  values  have  been  found  in  man  by  other  observera. 
Assuming  that  in  these  rasea  the  A  of  the  blood  was  as  low  as 
46*^  C,  there  would  be  a  ilifference  between  the  A  of  blood  and 
urine  of  "3°  C-»  which  would  correspond  to  an  osmotic  preaaure 
of  many  hun<;lred  mm>  Hg.  It  is  manifestly  impossible  for  the 
blood  pressure  to  have  filtered  e^ainst  such  an  osmotic  resistance 
sfl  this,  Dresef  considered  that  these  results  could  be  explained 
only  by  Imagining  that  the.  glomerular  epithelium  had  done  work 
and  acted  as  a  secreting  membrane  in  Heidcnhain^s  sense.  To 
explain  these  rcaulta  on  the  filtration  hypothesis  wo  should  have 
to  imagine  that  in  these  eases  the  glomerular  filtrate  in  paesiog 
down  the  tubules  becam*i  actually  tnore  dilute  instead  of  under- 
going the  more  uaual  concentration.  Staihng  has  suggested  that 
this  might  take  place  in  one  of  two  ways  ;  either  by  the  tuhuld 
cells  secreting  extra  water  practically  without  solida,  or  bj'  their 
absorbing  solids  out  of  all  proportion  to  water.  The  lirsti  sugges- 
tion supposes  a  mechanism  which  is  contemplated  in  neither 
Heidenhain's  nor  Litdwig'a  view,  and  ia  opposed  to  Starling's 
esplanation  of  diuresis  in  general.  The  secood  suggestion  ia  that 
natural  to  Ludmg'a  Tiaw.  Aa  haa  already  been  pointed  out>  it 
is  nereaaary  with  Ltidwig*a  view  to  believe  that  absorption  by 
the  tiibuleH  can  be  regulated  to  the  needs  of  the  organism.  Iik< 
dittbetco  insipidus  the  daily  ejccretion  of  urinary  aolid^  ia  normal, 
^and  the   only  abncnnality  is  the  enonnoua  quantity  of  water 
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secreted-  If  the  glamemlar  filtrate  is  practically  isotonic  with 
the  plasma,  then  the  obaerved  result  could  be  brought  about 
only  by  the  abeorption  of  aolida  out  of  all  proportion  to  ff&i*r* 
But  it  may  be  doubted  whether  the  approximataon  of  the  oamotio 
preasure  of  thi?  urine  to  that  of  the  blood  during  diureaU  u 
really  a  point  in  favour  of  Ludwig^s  Tiew,  as  Starling  thinlta-  In 
hyd^mic  plethora  it  ia  the  ckar  duty  of  the  kidney  to  get  rid 
of  the  oscoaa  of  water  in  the  blooti,  and  if  it  does  the  A  of  tlia 
urine  must  fall.  Tf  the  A  of  the  urine  in  diuresis  always  approii- 
mated  closely  to  that  of  the  blood,  it  might  be  considered  a  pcdnt 
in  favour  of  Ludwig,  as  showing  that  the  urine  always  ch»eiy 
resembles  the  glomerular  filtrate,  whieh  aocording  to  Ludwig'i 
view  must  hare  a  definite  A  in  reladon  to  the  blood,  Bnt 
Dre^ter'a  observations  show  that  in  some  coses  of  diuresis  ihis  h 
not  the  case ;  consequently  Starling's  cbaetvatioi;a  lose  to  &  con- 
siderable extent  tho  sigrtlfieaiK^e  whieh  he  attributed  to  them. 
Galeotti  has  followed  in  detail  the  changes  in  the  quantity  and 
composition  of  urine  and  in  the  woiTc  of  the  kidney,  which  follow 
the  production  of  hydrremic  plethora,  .\fter  injecting  hypertonic 
aolutiona  of  aodium  chloride  or  destrose  mto  doge,  he  found  that 
the  osmotic  pressure  of  the  blood  rose  immediatelr,  and  that  the 
kidney  at  onee  started  to  correct  this  and  the  hydwemic  plethora 
with  the  leautp  possible  work  to  itself-  At  Jirst  the  kidney  passes 
out  very  large  quantities  of  &  duid  which  ia  nearly  isotonic  with 
the  blood  plasma  and  contains  Earge  quantities  of  the  injected 
molecules.  In  this  way  the  masimal  amoimt  of  water  and  of 
the  substance  injected  are  eliminated  with  the  least  pofflible  work 
to  the  kidney.  This  nrine,  which  has  a  A  oidy  just  greater  thAn 
that  of  the  blood,  le  presumably  m  the  main  the  glomerular  filtrate. 
At  the  end  of  two  hours  the  osmotic  pressure  of  the  blood  ha£ 
been  greatly  reduced  and  at  the  same  time  the  diuresis  begins  te 
pass  o3»  For,  it  would  be  clearly  iinpoaablo  for  the  body  to  go 
on  parting  with  the  quantities  of  water  ncceasary  for  the  pro- 
duction of  thifl  nearly  iaotonic  urine,  unloas  tt  received  treah 
BTippliea,  because  the  kidney  is  secreting  not  only  the  injected 
fiuhatance,  but  aho  the  normal  organic  aolida  al  the  uAual  rate. 
Consequently,  the  diuresis  begins  to  paaa  off,  the  molecular  eon* 
eentration  of  the  urine  ateadily  rises,  and  with  it  the  work  done 
by  the  kidney.  Galeotti  found  that  after  injecting  150  cc.  of 
10  per  cent,  sodium  chloride  solution  into  an  unwatered  dog,  the 
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^Kidney  took  forty-aix  boors  to  r&duce  the  osmotic  presaure  of  the 
^Blood  to  normal,  and  that  in  so  doing  the  kitln«y  performed  10 
^KDiIlioii  grm.  cma.  of  work  ;  but  if  the  dog  was  given  water  to  drink 
^■thc  same  result  woa  produced  m  half  the  time  with  half  tho 
^expenditure  of  work.  There  \&  really  nothing  in  these  e\penmenta 
1  which  shows  by  what  mechanism  the  gTomemlus  brings  about 
I     the    early    diureflia,     nor   whether    the    avibaequent    riee    in    tbe 

*  Tnoleculor  concentration  o[  the  urine  is  caused  by  the  reabsDrptioa 
of  water  to  meet  the  needs  of  the  body  or  b}'  the  excretion  o£ 

I     Aohda  together  with  a  mioimal  quantity  of  water, 

F  From  all  the  above  consideratiooa  we  can  conclude  only  that 

[     there  is  no  evidence  which  decides  whether  or  not  the  capillary 

*  presaure  ia  a  force  adequate  to  produce  urine  by  filtration,  but  on 
^^he  whole  the  evidence  would  aeent  to  be  against  such  an  idea. 
^H      Th.e  Function  of  the  Tubules.— We   have  incidentalEy  dealt 
^Krith  the  problenj  whethe^r  the  tubulea  are  an  excretory  or  abaor- 
^■Deut  mcchaiii^mi  but  we  must  now  turn  to  the  experiments  which 

have  be^n  specially  directed  to  the  solution  of  this  problem. 

Injeclion  of  Dtfes — Efforta  have  been  made  to  decide  thia 
question  directly  by  tradng  the  course  tbrougli  the  kidney  of 
«ome  aubatance  which  could  be  recogniaed  microscopically.  Since 
none  of  the  normal  constituents  of  the  urine  can  with  any 
certainty  be  recognised  within  the  renal  ceUa,  Heidenhain  had 
recourse  to  indigo-carmine,  which  after  intravenous  injection 
rapidly  appears  in  the  urine.  His  method  of  experiment  la  aa 
follows.  The  spinal  cord  is  cut  in  the  cervical  region  in  order  to 
atop  the  flow  of  urine,  and  bo  prevent  the  pigment  from  being 
washed  at  once  down  the  tubules;  then  5  cc.  of  a  saturated 
Bolution  of  indigo-c^rmiue  are  iDJeoted  into  a  vein ;  ten  minutes 
later  the  animal  is  killed  and  absolute  alcohol  is  rapidly  forced 
through  tho  renal  artery  in  order  to  precipitate  the  pifcment  in 
situ.  On  splitting  the  kidney  open  it  is  seen  that  the  cortex 
is  deep  blue  but  the  medulla  is  unstained.  Fklicrnacopical  sections 
show  pigment  giauoles  in  the  lumen  of  the  tubules^  in  the  cells  of 
the  convoluted  tubules  and  the  ascending  loops  of  Henle,  but 
none  in  the  glomeruli  or  the  cella  of  other  parts  of  the  tubule- 
Heidenhain  concluded  from  this  result  that  the  celb  of  tt 
convoluted  tnbulee  and  the  ascending  loops  of  Henle  encraf 
Indigo -carmine  from  the  blood,  and  bad«  therefore,  nomiallj 
cxgetory   function.    This  oi:periment,    however,   is  inoonotu 


730 


THE  AJf^ATOMICAL  SEPARATION   OF 


and  unaatUfEictory  In  many  waya.  For,  unless  Heidenhaic's 
directions  are  followed  exactly,  pigment  may  be  seen  also  in  tJie 
w^Us  of  Bowman's  capaule,  eapeciaJIy  if  more  than  5  c.c  of  the 
solution  are  injected.  The  use  cf  indigO'Carmine  at  &U  is  open  to 
the  Beiious  objection  that  it  readily  undergoes  reduction  in  the 
living  tiMuea  into  a  colourless  compound ;  and  this^  coupled  with 
the  dilutenesB  of  the  glomerular  filtrate,  which  would  keep  the 
pigment  in  solution  until  it  had  undergone  concentration  in  the 
tubuleSf  makes  the  microscopical  appearances  explicable  also  in 
accordance  with  Ludwig's  view.  Carmine  also  is  eicreted  by  the 
kidney,  and  has  the  advantage  of  undergoing  no  reduction  Id  the 
tiasuea;  but  the  injection  of  this  dye  by  varioas  obaervcw  hta 
led  to  contradictory  reaulta  and  equally  equivocal  micn>&coptcal 
appearances.  V-  Sohieranski  found  the  glomerular  epithelium 
atainecl,  and  granules  of  the  dye  in  the  cells  of  ihe  convoluted 
tubules.  He  pointed  out  that,  bs  in  the  case  of  indigo-carmine, 
the  granules  are  always  found  in  the  portion  ol  the  cell  bordering 
upon  the  liimen  of  the  tubule  and  never  in  the  outer  portion; 
be  advanced  this  aa  evidence  that  the  pigment  is  heing  absorbed 
and  not  excreted  by  these  cells.  Other  observerB  have  pointed  to 
the  aanie  appearance  as  evidence  of  excretion;  and  the  granulea 
in  secretory  glands  during  activity  do  have  this  distribution- 
Ribbert  denied  that  carmine  is  to  be  found  in  the  glomeruli,  and 
stated  that  the  same  result  was  obtained  whan  laked  blood, 
which  does  pass  out  by  the  glomeruli,  was  Injected  at  the  same 
time-  On  the  other  hand,  Gnitzner  found  that,  when  a  2  per  cent- 
solution  of  gum  was  injected  with  indigo -carmine,  the  dy«  could 
alwavrt  he  founf]  in  th**  plnmpruli. 

fhe  Anatomical  Separation  of  the  OlomeruU  and  raboles.— 
Several  attempts  have  been  made  to  separate  the  activities  of 
these  two  structures  by  various  operative  procedures,  Ribbert 
made  a  bold  attempt  to  separate  the  functions  of  the  cortei  and 
raeduUa  of  the  mammalian  kidney  by  complete  removal  of  its 
medulla.  He  uiscd  rabbits  for  thia  purpose  because  they  poaaeoB 
but  one  pyramid,  Hia  method  was  to  gouge  away  the  whole 
medulla  of  one  kidney,  leaving  its  cortex  intact,  and  then  to 
remove  completely  the  (*tlier  kidney.  The  animals  aurvived  the 
operation  about  two  days,  and  accreted  about  twice  aa  much  of 
a  more  dilute  urine  than  the  controls.  Ho  coi^ldered  that  bia 
experiments   supported    Ludwig'a    view.      Boyd    repeated    tbva 
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jerimenta,  but  obtained  a  dilTereiit  resalt^  He  found  that  it 
impossible  to  remove  the  whole  medulla  without  interfering 
Vith  the  blood  supply  of  th&  cortege,  and  ao  causing  ita  [iccrcaiH. 
^M^itb  partial  excision  of  the  mcdullo  he  observed  no  iucreaaed 
^■pcretion  at  urine.  He  found  that  the  relation  of  tbe  intake  of 
^^ater  and  its  output  as  urine  was  normal,  and  that  there  waa  uo 
change  in  tbe  animara  metaboliam  except  such  as  could  he 
counted  for  by  deficient  food. 

The  occurrence  of  diureeia  following  o^cisiori  of  one  kidney 
id  a  portion  of  the  other  has  been  confirmed  by  Bradford,  who 
a  different  method.  He  excised  jl  large  wedge  from  a  dog's 
Eidaey,  and  after  tbe  wound  had  healed  removed  the  other  kidney 
rhole.  He  obtained  one  of  two  results  according  to  the  amount 
kidney  substance  idtitnately  left.  If  as  much  as  one-third  of 
le  total  kidney  weight  waa  leitj  the  operation  was  not  followed 
ty  death.  But  the  urine  excreted  was  altered  in  quanliiv  and 
tmpoaition.  Tbe  daily  quantity  of  tirine  passed  was  increased 
refold  or  more,  and  the  animal  was  extremely  thirsty;  the 
■ine  was  of  low  specific  gravity,  and  the  total  daily  excretion  oJ 
:ea  was  not  increased.  The  blood  waa  hvdrccmic'  and  contained 
slightly  iucreaaed  percentage  of  urea.  An  increased  quantity  of 
iroteid  food  eauBed  the  total  daily  quantity  of  urea  and  urine  to 
e.  hut  the  urine  waa  of  the  same  character  hs  before.  In  fatt. 
fte  animal  seemed  to  have  lost  the  power  of  excreting  a  con- 
intrated  urine  with  a  high  percentage  of  urea  in  it.  On  the 
jther  handf  when  tbe  proportion  of  total  kidney  weight  remain- 
ig  was  only  a  quarter  or  leas,  death  occurred  in  from  one  to  aix 
leka,  and  appttared  to  he  due  to  inanition  associated  with  gn^at 
muscular  wasting  and  thirst.  The  blood  showed  the  same 
^^hydncmia,  but  a  much  greater  increaBe  in  the  percentage  of  urea. 
^■Xhe  urine  was  of  the  same  character^  but  the  total  excretion  of 
^^ water  aod  urea  waa  grear^r.  Increa3«  of  nitrogenous  food  had 
I  the  aanie  eflect  aa  befon\  The  increased  daily  output  of  urea  was 
^Kdue  to  the  breaking  down  of  th?  nmscli^  and  other  nitrogenous 
^^tissuca,  as  shown  by  the  inanition  and  wasting.  But  the  increased 
^  nitrogenous  excretion  was  unable  to  keep  pace  with  th**  breaking 
^^^fjwn  of  the  tissueSf  for  the  percenCagQ  of  nitrogenous  extractives 
^'in  the  blood  and  tisflui  Thia  failure  of  tli** 

kidney  fragment  *- 
cireiilatorv  iaxU 
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liigh.  The  only  point  in  these  cxpenmenta  wbich  concenia  us 
We  ia  the  relation  betv^eeu  the  qujintity  of  kidney  sabstaTice  and 
the  changes  in  the  blood  and  urine,  tn  Bradford's  experiments 
the  reduction  in  the  number  of  glomeruli  jLnd  tubules  must  have 
been  about  the  same;  and  as  the  urine  waa  similar  to  thai 
secreted  in  Ribbcrt'a  experiments*  it  acema  likely  that  the  change 
in  tbc  urme  obaen'cd  bv  flibbert  was  due  to  the  reductioD  in 
total  kidney  substance  rather  than  to  deficiency  of  tubules  alone. 
"ITie  change  in  the  character  of  tlie  urint  observed  in  these  ex- 
periments ifi  probably  to  be  explained  in  the  light  of  QaleOtti'tt 
results  OB  the  eSort  of  the  reduced  kiiinev  subatance  to  excrete 
the  maximal  amount  of  material  with  a  minimal  expenditure  of 
energy.  But  they  do  not  help  us  to  understand  the  mechanism 
by  which  the  kidney  brings  about  thfs  altered  secretion. 

Of  all  the  experiments  dealing  ^th  the  functional  sepamtion 
of  the  glomcruh  and  tubulca,  those  of  Nuasbaum  are  the  moet 
important;  in  fact,  they  appeared  to  be  the  crucial  e.vpenmenta 
which  settled  once  and  for  all  the  whole  question  which  we  are 
discussing.  His  method  waa  based  on  the  anatomical  fact  that 
the  amphibian  kidney  haa  a  double  blood  supply,  from  the  renal 
artery  and  from  the  reno-portal  vein.  The  renal  arteries  alone 
^ve  o^  the  vasa  a^orcntia  to  the  glomeruli,  from  which  the  vasa 
eSerentia  pass  to  the  capillary  network  round  the  tubules,  aod 
are  there  joined  by  the  branchea  of  the  reno-piirtal  vessel.  Sua*- 
baum  satia&ed  himself  that,  when  the  renal  arteries  had  been 
ligatured,  the  glomeruli  were  completely  and  permanently  oat  of 
the  cireulation,  and  that  no  collateral  or  backward  circtiUtioD 
through  the  glomerular  capillaries  was  possible.  He  found  that 
the  elTect  of  ligature  was  to  prevent  any  spontaneous  aeeretioD 
of  urine,  but  that  a  How  of  urine  was  set  up  by  injecting  ureA 
Krom  thia  he  concluded  that  the  tubules  normally  escrete  urea  j& 
solution.  Ho  found  further  that  dextrose,  carmine,  egg  albtumn. 
and  peptone  which  pass  into  the  urine  after  injection  into  nonooil 
irt^s,  fallsd  to  do  sti  in  ligatured  frogs,  even  when  a  flow  of  urine 
had  been  set  up  by  injections  of  urea.  He  concluded  from  tlieae 
experiments  that  the  giomerulus  normally  posses  out  water,  salts, 
and  dextrose,  and  that  the  tubuica  are  definitely  evcrotory,  and 
secrete  urea  and  similar  substances  in  solution,  A  repetition  by 
Adami  of  these  experiments  threw  doubt  on  the  accuracy  of 
their  fluatoniical  baaia.  He  found  that  after  hgature  of  the 
renal  arteries    a  collateral    cirt^ulation  was  set  up   through  th« 
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I  glomeruli  by  way  of  a  small  vessel  connecUng  t-he  capillary 
I  plexus  round  the  tubules  and  the  v&s  afTerens  of  the  glomerdua, 
t  so  that  within  a  short  time  of  ligature  oO  per  cent-  ol  the 
t    glomeruli  nught  be  in  circulation  again. 

I  Owing  to  the  crucial  importanoe  of  these  experiments,  further 

investigation  lias  been  carried  out  liv  Beveral  ohaervere,  all  of 
whom  appear  to  have  been  satiafied  with  the  accuracy  of  their 
anatomtc^nl  bcLaia :  but  the  grounds  of  thoir  satiafaction  have  uot 
been  Jn  all  casc^  couNincing.  Bcddard  agreed  with  Nussbaum 
that,  when  all  the  arttries  supplying  the  Icidueya  were  ligatured,  the 
glomeruli  were  permanently  out  of  oiroulation  and  tio  spontaueoua 
secretion  of  urine  took  pWe.  He  found  that  it  waa  a  matter  of 
some  difficulty  to  ligature  the  whole  arterial  supply  of  the  kidneys, 
and  that  by  merely  observing  that  a  given  frog  secreted  iro  urine, 
spontaneouBly,  it  is  impoaaible  to  say  that  the  ligature  was  com* 
plete  and  all  the  glomeruli  out  of  circulation ;  in  fact,  that  it  waa 
impossible  to  say  this  unless  the  kidneys  had  l)een  injected  and 
serial  sections  cut.  He  did  not  confiria  Nuaabaum's  other 
results.  For,  he  never  found  that  injeeticuB  of  urea  could  bring 
about  a  secretion  of  urine  after  a  complete  ligature.  But  this 
result  is  not  necessarily  in  opposition  U>  Nusahaiim,  for  nnne  of 
Beddard^s  inji^ctionj^  were  made  unti!  two  days  after  the  ligature, 
at  which  time  he  found  that  a  rapid  degeneration  of  the  tubule 
cells  set  in.  And  there  is  nothing  to  show  whether  the 
failure  of  urea  in  hie  ejtperimenta  to  set  up  a  secretion  waa  due 
to  the  ligature  being  really  complete  or  to  the  tubules  having 
begun  to  degeneratne.  Mosberg  obtained  reaulla  which  resembk 
closely  tboBG  of  Nusshaum.  He  found  that  the  ligature  preveota  a 
spontaneous  secretion  of  urine  ;  that  in  ligatured  frogs  iojeotionfl  o£ 
doxtrofie  cause  no  secretion,  but  simultaneous  injection  of  dextrose 
and  urea  produce  a  dow  of  urine  which  does  not  contain  aogar, 
while  injections  of  phloridzin  alone  lead  to  glycoaiiria.  The  injec- 
tions were  made  dirt^ctly  after  the  operation,  but  the  e:iperimei]ta 
are  not  conclusive  io  that  he  did  not  control  the  completcncas  of 
the  hgaturo  by  a  microacopical  examination  of  the  kidneya,  Halsey 
has  coafirmed  Nusabaum's  results  even  more  fully.  He  found 
that  hgaturcd  frogs  en 'reted  urea  and  indigo- carmine  in  theiriirine, 
but  nni  dextrose,  egg  albumin,  peptone,  and  carmine.  He  showed, 
like  Mosberg.  that    phloridcin  can  still  prodr*  'iria  after! 

tli^  li^-ature,  anJ  ad  -  ioi^ 

Ljflctions  of  1  ■ 
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the  account  of  his  experituenU,  which  w&  have  seen,  at  what  intervaJ 
after  ligature  the  injeftiona  were  made,  but  presLmablj'  loUowing 
Nusahttum  Lbey  were  made  soon  after  the  operation.  He  con- 
trolled hia  ligatur*^  by  injeciion  oE  a  pigment  and  a  micro3copic«l 
esaxnination  of  the  kidnevB,  ard  found  m  every  caao  glomeruli  in 
cuculatioLr  but  he  adds  that  their  number  was  so  amall  as  to  be 
a  physiologically  negligible  factor.  The  conclusion  to  be  drawn 
from  theac  repelitioua  of  Nuaaljauiu'a  experimeaLfl  beenia  to  ]}q  that, 
while  they  do  not  afford  a  final  proof  that  the  tubulea  excrete, 
they  bring  forward  strong  evidence  in  favour  of  it. 

GurwitHch  experimented  on  frogs  by  a  method  which  ia  the 
converse  of  Nusshaum's.  Raving  introduced  urea  into  the  intes- 
tine and  tied  a  canuU  into  e^ach  ureter,  he  ligatured  the  reno- 
portal  vein  and  its  tributariefl  t*>  the  kidney  on  one  sid^  In 
this  the  kidney  circulatio:i  tlirough  the  glomeruli  would  be  oodia- 
turbed,  but  that  round  the  tubuka  must  have  been  reduced.  In 
two  cxperinientd  be  found  that  the  kidney  on  the  ligatured  atd« 
secreted  0'5  c.c.  urice,  aud  on  the  unligatured  aide  'S  or  1  c,c- 
ThiB  reault  atlords  evidence  that  the  function  of  tEie  tubule  is  not 
absorbent,  uulese  we  imagine  that  the  tubule  hod  been  stimulated 
to  absorb  more  water  owing  to  the  reduction  of  its  blood  supply. 
He  experimented  also  with  indigo- carmine  and  other  dyes,  and 
found  that  the  tubule  cells  on  tiie  ligatured  side  were  rfc^arly  fite 
from  pigment,  but  on  the  unligatured  side  were  deeply  pigmented. 
He  admitted  that  small  quantities  of  pigment  were  paaeed  ont 
through  the  glomeruli,  but  concluded  that  pigments  were  p&ftsed 
out  chiefly  by  the  tuhulea.* 

The  Reaction  of  the  Urine.  ^Ko  fact  in  the  secretion  of  urine 
h  more  striking  than  the  power  which  the  kidney  haa  of  producinf 
ail  acid  urine  from  alkaline  blood.  Numeroua  experimenta  have 
been  devised  to  discover  where  this  change  in  reaction  take^pUcc 
and  the  meaos  by  which  it  ia  brought  about- 

The  aitc  of  thia  chauge  i.u  reaction  haa  been  settled  by  Dreser  s 
expcriracnle-  He  injected  into  frogs  a  large  variety, of  indicator* 
and  examined  their  kidaeya  nucroscopica-dy-  His  moat  successful 
results  were  obtained  with  acid  fuehain,  which  is  nearly  coIoutUa 
in  alkalnie  solntLona  and  red  in  arid  ones^  After  a  single  mjection 
of  the  dye  into  the  tloraal  iyrnph  aa-c,  he  found  that  the  uriae 
was  red  in  an  hour  or  two,  and  that  the  red  colour  was  can&ned 
to  the  fluid  in  the  collecting  tubulca.     After  repeated  injectioii* 

'  Set  Edkor'a  yoW  a.1  and  ot  volume.  ^ 
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glomemli  still  remuTied  cDlourleaa,  but  in  the  uonvoluteii 
tabules  tbe  red  colour  appeared  both  iii  the  lumen  and  in  the 
cells  lining  it.  Thtfre  cftu  be  no  doubt,  thereforCt  that  the 
glomerular  tilti&te  is  alkaUne  and  ite<:cmeB  acid  in  the  convoluted 
tubulea.  And  thia  concluaion  la  supported  by  the  observation 
that  diuresm  decreases  the  aoiditv  of  the  urine,  and  that  thm 
de<:reBse  is  proportional  to  the  degree  of  dJureais,  no  matter  how 
the  inpreased  flow  of  urine  is  brought  about. 

We  have  now  to  inquire  into  the  mechanism  bj  which  th:s 
cliange  in  reaction  is  brought  about.  It  is  clear  that  the  alkaline 
glomerular  filtrate  mi^ht  be  made  acid  in  the  tubule  either  by  the 
abeorptioQ  of  bases  or  by  the  excretion  of  acid*-  Dteser  tried  to 
prove  that  the  change  in  reaction  waa  brought  about  by  a  proceaa 
of  e.xi'rution.  He  injected  acid  furhain  into  frogs  ligatured  by 
Nueabaum'H  method,  and  found  that  the  ted  colour  could  atiU  be 
seen  in  the  convoluted  tubules.  But^  in  the  absence  of  evidence 
that  the  glomeruli  were  wholly  out  of  circulation,  this  concluaion 
cannot  be  &ccepte4.  Liebermami  put  forward  a  view  to  explain 
how  the  tubule  cells  could  excrete  acid  salts  although  thev  receive 
only  alkaline  ones  from  the  blood.  He  separated  Irom  tbe  kidney 
a  lecith-albumcn  capable  of  combining  with  baaes-  eo  that  it 
would  convert  a  neutral  or  alkaline  phosphate  mto  the  acid  salt. 
He  found  that  the  neutral  combinfltioti  of  Jecith^alburaen  with 
baae  would  give  up  its  b&se  to  C0._.  and  become  a^ain  capable  of 
uniting  with  fresh  base.  He  imagined  that  the  following  alternation 
of  changes  went  on  during  the  secretion  of  urine — firstly,  base  waft 
taken  from  the  blood  phosphates  and  the  acid  radicles  parsed  into 
the  urine,  and  then  tbe  base  remaining  behind  in  the  cell,  in  com- 
bination  with  the  lecith -albumen,  was  taken  up  by  C0>  and  passed 
into  the  venous  blooi.1  as  cflrbonate.  Such  a  transference  of  base 
from  phosphate  tc  carbonate  could  not  take  place  unless  the  raaas 
influence  of  the  two  acida  were  rapidly  alternating  backwards  and 
forwards,  but  there  is  no  obvious  reason  why  thev  should. 

Before  attempting  to  explain  the  change  in  reaction  between 
the  blood  and  urine,  it  is  neie^sary  t-o  incjnire  into  the  real  extent 
of  the  change^  This  can  be  done  by  comparing  the  reoctiona  of 
both  fluids  with  indicators  whose  acid  radicle  or  anion  have 
different  strengths  of  affinity  for  base  or  cation.  Cushny  has 
pointed  out  tlmt  both  blood  and  urine  are  acid  to  phenol-phtimlein 
and  alkaline  to  methyl-orange,  hut  tiu  litmus  blood  la  alkaline 
and  normal  urine  acid.     The  alkalinity  of   the  blood    to  lltmua 
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meaiia  that  the  blood  rontains  some  s^t  oo  w^ak 
t&ke  away  its  cation  from  it ;  but  plicnol-phthaleif 
than  litmus,  iind  aiiable  to  take  away  tte  cation  from 
the  blood.  Nornial  urine  \s  acid  tfi  litmus  hecAuae 
no  Eooger  succefiafuliv  coatpete  with  atiy  aoiou  for  its 
to  tho  great  reduction  iu  the  relative  number  oi  catioi 
preaeot  in  urino.  Ike  strooger  methyl -orange,  hoyfi 
able  to  compete,  and  urine  appears  to  h&  alkaline  to 
basD  Eound  that  in  a  large,  variety  of  conditions  tlu 
urinQ  beconiBa  bo  reduced  that  it  may  beixJine  alkalim 
Buch  conditions  are  diuresia,  digeationh  aft^r  the  intn 
a  cbloridfi  or  bromide  into  the  almiciitary  i^anal  or  tit 
into  the  blood.  But  under  no  condilioos  does  ur 
alkaline  to  phenol-phthalein,  not  even  after  the  intn 
jection  af  scdium  carbonate.  On  the  other  hand, 
becomea  acid  to  nicth}"  I -orange.  Therefore  the  exti 
tiona  in  the  reaction  of  urine  oorrespond  roughly  to  i 
between  Na^HPO,  and  NaK.PO,,  Cuslmy  haa  i 
the  raefhanism  by  which  thm  change  in  reaction  is  hii 
by  the  kidney.  His  method  was  Lo  compare  undl 
conditions  the  urine  from  one  ui^ter  with  that  obtain* 
other,  in  which  thv.  flow  of  urine  was  rediiocd  by  the  i 
of  a  resistance  equal  to  15-o0  mm.  Hg,  Tho  oh 
feBiBtance,  as  in  his  eKperimaots  previously  referred 
favour  any  absorption  which  might  take  place  in  i 
lie  injected  intravenously  into  doga  noruial  solutioTU 
chloride  or  aulphate,  and  10  per  cent,  solutiona  of 
sodium  bromide,  mttute,  raalate,  or  tartrate.  Aft^r  tl 
of  any  of  th&se  solutions  he  found  that  the  pGrceafa 
always  fell,  so  that  the  urine  was  atkuhue  to  litmus 
neutral  to  phenol -phthalein,  and  was  more  or  leas  equd 
aidea.  This  result  suggested  that  the  fall  in  ariditv  was 
much  to  a  too  rapid  How  through  the  tubules  aa  to  &ti 
acid-forming  salts  in  the  blood.  He  therefore  injected 
together  wit.h  sudium  chloride  or  dextrose,  arjd  foan 
urine  in  spite  of  the  diureata  became  much  more  acid 
phtlialein,  and  might  become  acid  even  to  litinua.  Ii 
secreted  under  these  conditions  he  found  that  the  pe 
phosphates  and  the  percentage  acidity  to  phenol- 
more  or  leas  parallel  to  each  other,  and  were  grea' 
stnicted  than  the  free  aide ;  thie  difierence  could  be 
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Emply  by  tbe  greater  absorption  of  water  on  the  obstructed  side. 
But  he  showed  tliat  on  the  obstructed  aide  the  perc^entage  aeiditr 
bo  litmua  tosk  o«t  of  all  pri^portion  to  the  percentage  increase  in 
phosphates,  and,  aa  the  absolute  quantity  of  phosphate  waa  re- 
duced on  the  obatructcd  aide,  there  muat  have  been  a.a  even 
breater  leduction  in  the  Bodjum  present.  In  other  words,  the 
^fiect  of  obstruction  was  to  decrease  the  absolute  excretion  both 
a£  phosphate  and  aodiuiii,  hut  the  dei;rease  in  the  excretion  of 
podium  was  the  greater.  From  these  roaulta  he  concludes  that 
the  greater  acidity  on  tbe  obetmcted  aide  ia  duo  not  to  an  iii- 
oreaaed  excretion  nt  acids,  but  to  an  increa^d  ahaorption  oE  base 
fta  compared  U>  the  pliosphate.  He  therefore  coTisldem  that  the 
normal  difference  between  the  reaction  of  blood  and  uruie  is 
brought  about*  not  bv  the  addition  of  =HPOj  aniona,  but  to  the 
abeorptioE  oi  Na—  cations  in  combination  with  —OH  or  — HCOj^. 

Although  these  experimentq  by  Cushny.  like  others  of  his 
already  conaidered,  are  suggestive  of  nhsorption  by  the  tubules, 
they  ran  hardly  he  cnnsitlered  to  piove  it-  For,  the  cRsence  of 
the  experiments  ia  the  differences  in  the  urine  from  an  oliHtrucred 
;»iid  free  ureter.  It  is  quite  possible  that  partial  oLietructiou  does 
favour  abBorplion  by  the  tubulea,  hut  it  ia  conceivable  tbat  it 
IHiight  sffeet  and  alter  their  excretory  powers. 

Ctfnclivnojvi. — Wq  have  ft-en  that  there  are  aa  yet  no  ex[ieri- 
ments  which  prove  how  the  kidney  produces  urine  from  the 
'tlood.  Wc  are  therefore  reduced  to  weigh  tbe  e%"ideuco  for  and 
.ftpainst  the  various  theories  in  order  to  find  a  worl^ing  hypothesis, 
LAnd  in  doitig  ao,  it  must  be  rememliered  that  if  we  knew  the 
function  either  of  the  tubule  or  of  the  glomerulLis.  we  could 
deduce  roughly  the  function  of  the  other.  For,  if  the  tubules 
were  shown  to  excrete,  it  would  follow  that  the  glomerulus  could 
^Di  act  aa  the  mechanical  filter  supposed  on  Ludwig's  %4gw  :  and 
EblL'nnily,  if  the  glomerulus  is  a  mechamcal  filter*  the  tiihulcs 
[inust  absorb.  But,  on  the  other  hanJ,  if  the  tubules  were 
LBhown  to  absorb,  it  would  still  he  posaihle  for  them  ahio  to 
wxcrete,  because,  on  H^idenhain's  view  of  tbe  function  of  the 
plomcrulua,  there  Is  room  for  nbaorption  as  well  as  for  excretion 
by  tbe  lobule.  Wo  have  seen  thai  the  evidence  that  the  tubule 
an  eitcret<i  la  certairdv  s+w^-Mr  ihau  that  it  can  ub*irb  ;  it  followa 
that  the  giom  *■'  61ter.  and  this 
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EDITOR'S    NOTES    TO    THE    SECOND 
IMPRESSION 

Note  to  page  249, 

U.  GreoQWOod  and  L  Hill  {Proc.  Roy,  Soc,  1906)  have  determined 
lihe  ToLume  oF  nitrogen  in  their  urine  collected  at  different  preasuree  up 
to  seven  atmoapheras,  and  have  found  the  volume  follcjwed  Dalton'e 
lav.  Aiter  being  decompressed  at  the  rate  of  twenty  minutes  per 
atiQOsphere,  the  uriue  yielded  slightly  too  much  nitrogen^  ebowing 
that  equilibrium  waa  not  fully  eBtablisbad  in  this  period. 
y  The  alveolar  tension  of  CO^  remained  constant  at  ell  pressurea 
Thus  at  five  atmospheres  analysis  showed  1  per  cent,  of  QO^^  at  two 
atmoapherea  2'5  per  cent.,  and  at  one  atmosphere  5  per  cent.,  the 
tension  being  1  x  5  =  5,  2-5  k  2  =  5,  and  5  x  1  —  5.  Thus  the  tension 
of  COo  in  the  alveolar  air  regulated  the  ventilation  of  the  lungs  at 
all  pressures  endured  by  these  investigators. 

Kaldane  ba»  worked  out  a  method  of  decompression  by  stages. 
After  short  exposures  to  high  preasures  it  is  best  to  decompress 
rapidly  at  first,  and  slowly  at  last,  for  tbe  body  has  not  bad  time 
to  become  saturated  at  the  higher  pressurea.  {Report  of  Admiralty 
Committee  on  Diving^  1908.) 

Note  to  page  346- 

Macleod  finds  that  stimulation  of  the  vagus  or  spinal  cord  does 
not  produce  glycosuria  if  asphyxia  is  guarded  against  by  oxygen 
inhalation,  and  that  stimulation  of  the  intact  splanchnic  nerve  does 
produce  it  in  marked  degree. 

Note  to  page  493. 

Ebrlicb  has  shown  that  passive  immunity  against  ricin  or  tetanus 
cannot  be  transmitted  from  the  immunised  male  to  the  offspring,  nor 
to  any  lasting  extent  through  the  placenta  of  the  immunised  female, 
but  is  transmitted  by  ber  milk.  C.  Bolton  finds  the  same  holds 
good  for  typhoid  agglutinin.  These  facts  emphasise  the  importance 
of  mothers  milk.  Cows^  milk  does  not  contain  the  right  protective 
substances. 
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Note  to  page  BIU 

The  opinioQ  generally  held  now  is  that  the  proteid 
down  into  amido-ftcida  by  the  digeBtive  ferments,  and 
such.     Tb&t  the  ftmidcMkcids  ore  denitrified   to  a  lar^ 
the  nitrogen  converted  into  urea  by  the  liver  before  tJie 
the  rest  of  the  molecule  has  been  started  on  ;   this  rest 
as  much  as  80  to  90  per  cent,  of  the  total  energy  of  the  j 
The  tissue  cells  build  their  proteid  from  the  amido-acit 
which  circulate  in  the  blood,  selecting  such  building  at 
require,     (Leather,  Problems  in  Animal  Metaholi^mt  1906. 


Note  to  page  702. 

Brodieand  C\i\lis  (Jttumal  of  FhyHology,  1906)  find  tha 
secretes  more  water  and  salt  against  a  small  increase  of 
the  ureter ;  also  more  sugar  when  phloridzin  is  iny 
pressure  acts  as  an  excitant  to  the  secreting  renal  cell 
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Note  to  page  724. 

Gullb  (Jouriial  of  Physiology,  1906)  has  perfused  thef 
with  oxygenated  Ringer's  solution,  sending  the  fluid  either 
renal  arteries  or  through  the  reno-portal  vein.  In  the  fi 
slow  onset  of  the  secretion,  the  ready  response  to  slight 
composition  of  the  perfused  fluid,  the  abeence  of  relation, 
rate  of  secretion  and  the  pressure  of  perfusion,  and  tt 
between  the  composition  of  the  secretion  and  the  pe 
together  showed  that  the  glomerular  epithelium  secret 
not  filter.  The  fact  that  a  simultaneous  perfusion  tbi'ouj 
portal  system  increai^es  rather  than  lessens  the  volume  oj 
rular  h4?cretion  was  against  the  theory  of  absorption  in  th 

In  the  case  of  venouf^  perfusion  only,  water  was  not  8e* 
urea  or  phloridzin  were  added,  allowing  that  water  cc 
through  the  glomerulus,  but  can  also  come  from  the  t 
these  are  excited  by  diuretics. 
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Oricicail  tem|Hratura  of,  £71 

^B           Cytopbilic  frroopii,  449,  4^3 

Pariii  meUbolbm  in,  40B-11,  4l£- 

^B            CjtotOKinb,  4Ij3-4 

■n 

Drinking  bnnl*.  2IG,  218 

^B           DdLTO^'a  Iah,  200,  G21 

Dropaj,  251 

^B            Damp  aJgthcH,  2T>l-4 

Dnortennl  ceil^,  pro^acaretm  In,  I7S 

^M          Dftvofi  riaT;^  914 

Duflr,  25fl-« 

^^1            DfiUfimprei^ion,  245— SS 

UffeHlnga,  iur  or,  151 

^B           DeciiHtiis,  i2r»o 

^H            Defp  tprcalliitiK'  l!2ti-^ 

Eniirm;s  eBeulentui,  ittt 

^1          DeifuC  fiil.£J?'^-4 

tft«r*nt  imoulaiM  of  clJabettc  cenlir, 

^1         DewpQint,  238 

EKtr  *lbiiiiiir.  77,  «8.  fill,  190.  316-7. 

BnJijm«  fpofrfiJiKrti) — 

332, 3fta,  374-rt.  a;s 

RevQj-aibniir  of  tLcUun  of,  32-4,  40, 

Eggft- 

M,  76,79-62.80 

DevcldpmDnt  of.  iDiaiiii«io]utJODfi, 

Selective  uition  nf,  IH-Q                   ^_ 
SeparBlinn  nf,  U?-»                            ^| 
Suiili^bi,  flff(H!i  of.  on,  97               ^| 

^y.  I05-:h 

RB9i>JmtJDn  in,  1168 

ElecLricHl     rneixvp    convDnlou     in  bo 

TtimptTHi.iiTe  uhui^i^B  DD  9.!-fi 

"*.oneniiG*l,  49 

VHocitr  of  ociioo.  lA-4. 47-s,6-Kta 

ElBcciioa!  pouniit]  of  tboftir,  313^3 

ZyoidgoUH  for.  108-^                           ^h 

Klepttol^iefl — 

Epithelml    oellH.  absorption    tbrongt^^| 

Abfiorptlan  of,  i'Al.  fi4H 

^H 

Ai:Ll[?li  or  oD  living  cflLla,  ttS7-t'I2 

B(rl[hi-]iuIyMD:i,  46-4-5                            ^H 

Emaciation  ill  diAtietcn^  3Gt^ 

Equilibrium  in  wlulbiL—                        ^H 

Bmbrvn — 

Cono^nLmticn.  effect  of,  3]-S,  SQ^^B 

Qljoo^ea  in.  323 

Chanel   ahomiDoJ  vAOrgy,  effaal^B 

RMpJrfltifkn  in.  ^^9-7)1 

of.  I^l^-lll                                                       ^1 

ErDulAin,  liri,  l>'J-72,  7fi,  9fi.  1L4.  116 

EqantJriD>t  tor,  2*.  2T-;iI,  M             H 

EiuiilailieJ  Inlt.  :^T7 

Triupera^ure,  tfTet^tof,  ilT,  40-1       V 

Enor^-j— 

VeLcKiitT  of  rfacLJon  ocat  poiab  of. 

Cbcmioal.     See  Clictdlool  tranafor- 

4^-8.  SO 

Qini  iuhh 

BiqpflEn.  631 

CdtiH^rvaMan  cf,  2.  4 

Kauira,  3:{,  39,  113 

Equll^brJUUi  uF,  18-13 

Blby]  Bcotale,  39 

fiKjil,  rrlation  I.U. 301-2,  25ii>  303-5 

Etbvl  ali^boU  4l> 

Miinrutar,  aqutocs  of,  GfKA 

Eihyl  Imtvral*,  32,  3!1 

Typ>B  of.  8 

Etbyl  Eorniiale,  ^9                                    ^ 

Energy  tratii^formatJODB — 

Etbyl  htdrogt-n  mrphAte,  S"!                  ^H 

AgpnfJi  of.  5-li 

Kibvl  oiaLire.  ;49                                     ^| 

AnciiMiL  fall«de»iu  lo.  4 

EjLCrebiou,  12-13. 139,  112                      ■ 

GtftaJyBts.  itifioencixif,  44-6 

EioTQiBe,  ellectB  vf.  49H-A03                  ^H 

Cycle    of,    In    livLDfr    oHncidioc 

Exophtbiilniia  soUre,  &81                       ^H 
Kxplml  air,  m,  4HC-7                           ■ 

ifi-ie 

Eiuyrnc*    aikii  ceUs.  comparat^Tc 

KiplnalnnH,  Npontaneonii.  IIS-3             ^| 

ftCl^DD  Gf.  49-M 

fl 

Equutioii^  lE^j^uriltliiC,  21-34 

FABTI^u  uittnbulLnn,  287.  C03-7           H 

Hutima-liuu')  uT,  17-JU 

Fat-                                                           ■ 

Living  maMcr,    typical   ol,  3-13. 

Abflorplicpi.  at.  Ififi,  a7fl-ft3.  flfi7-e  ^ 

le-n,  IS* 

ULoofl.  aatloD  of.  on.  !Ml-3 

OrgBHic  and  icorganic  iimtt«r,  in. 

Colit,  flCTrm  of.  on.  2Sfi 

1-2 

Cuinbii»tioa    of,     in     bJbcnuLl^g 

SfivrblLoiit  in,  ]&!>  tt  tf/. 

ivnlujals.  4Ha-3 

EbterDkibBAa,  IDS-11,  LS8,  3iO 

CompoBiliion  of  aaimitli  37G 
Cotiaiiions   favoutiag  growtb  oi, 

Bnvin>D)Dent.  ibBbeiicc  of,  9 

EDiymet — 

SU4 

■                  Aor,ifiDornctit£.aLkA]ieB.nB(lDenCrnl 

DelemiktiatioTi  nf,  2iA 

1                      falt«  DO,  tlS-lOO 

DlKfjiiioo  uf,  277-J 

■                 Aml-eucyujcif.  IGT 

Diairibnriou  of,  £75 

H                 AntJi^bpticd     and    olbcr    poljionii. 

Encrpy  derived  froio,  372,  303-5, 

■^                  motion  of,  ioa-5 

5U£ 

CeUinnd.  1S7,  13fi 

Feeiilnp,  quaalitniive  relitioiu  of, 

GbeTnlcal  imtnra  of.  117-6  ttitd  nu* 

3(C-:i 

L                 GotloidAl.  VA-ZS 

Nuutr  of,  277 

H                 tJunccatratiou    and  aclivity,   6B- 

MclJhbotum  of,  363  r(  Kf . 

■                    TS,7C.7&-0,  62,  flC-Ul 

MetH^bctli^ui    uf    body,    attotst  on. 

H                Coudiliana   of    rtr&ctinn  of,   ti-i-ti. 

305-*! 

■ 

Neulta.1,  3IV4.  a7.'i-28S 

H                 Snp-rfy  iransformeiH,  ab.  fi,  4tl,  AO. 

Orifzin  ttt  29Q-3lKt,  300-^,  315 

W             fi3 

]Vn:cjitakEr?  ijODipOdilion  of.  2M 
Prodfl^la  of,  in  dJAbuUv,  S73-4 

laorganio — nnc  of  term,  l]d-£0 

Ifiorpanlo  DBlalyat*  and.  fl7 

QuBiiE  itJitive  vdliiualiuli  E>f,  S7t) 

iDtrftodlular.  Ai;p*ra1ioii  of,  11 

f(L>apirii.rorj    Axchui^t    ^tiftiu.tk>K- 

MaJif  oi  aetiaa.  «3-4h  l-Hl"! 

oii ,  ij^ft 
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Fmt  {fontinued}— 

Rcdpintorj  quotient  on  di«t  oft  3^ 

Sugar  derived  from,  3T7-C* 
Fatigub,  211,  SIB,  500-1 
Fatty  acids,  30,  31,  33,  34,  276,  278, 

279 
Fattj  Eaflltiatioii  of  organs,  297-8 
Formenlation,  126-7 
FermflaCa — 

CoQcentTatloD  of  lolution  of,  effect 
of,  32 

Glycolytic*  33B-40 

Hepatic  ceUa,  of,  338 

Iraidoljtic  bodj,  666-7 

HcApir^tory  eichange  and,  fifi7 

Spleen  and  liver,  398 

Unortfunised,  G31-2 

Xanthin-oxydaae,  397-8 
Fibrin,  109,  111 
Filtration,  fi93-603,  617,  634-S 
Filtration  theory  of  urinary  secretion, 

692  et  leq. 
Flesh.    S^e  Meat 
Fl;  maggots.  293 
Fatna.     respiration    in,    491,    fi60-3, 

B7d-2 
Foga,  481 
Food,    influence    on    respiratory    ei- 

change,  503'?-    Sa  also  Diet 
Freezing  point  and  ionisation,  €22-3 
Frog— 

Abaorption  tbronfrh  skin  of,  261-2 

Respiration  of^  649 
FmctuAe,  40,  G9 
Fruits,  28H,  i21  note 
For,  influence  of,  2(1C,  272 

Galacthse.  40,  327  and  note,  328 

Gas  pum^t^,  r>l8 

Glials— 

Ab^oT|iriii[t  bv  nietal,-i,  120 
CoTiden:«alLon    by    porood   bodic!^, 

i:^i 

Law«  of,  ffllO,  210-11,  521-2 

Si-oi-L-iion  of,  and  volume  cnergv. 
12 
Gaalrio  ^lamls,  iiknervarion  of,  171-7 
Gaalrlc  jiiiri.',  It4 
Gamriu  ihuc^jAa,  J8S-9 
Gaairic  z^^ortiion,choiulca]  mechanism 

of,  1H!H-0I 
GaHlrin,  |H!^-9 
Gilalin,  7j 

Ghiudj,  rojipiraforj'  excUango  of,  B55-G 
GlomcruliLH— 

Kuucrion  of,  1192-702 

H<p|i;  of,    in   produciion  of  nrine, 
7la-0 

tlqparaliQh  of  TiibuW  and,  720-1 
Gluco^amin,  \iU-H.  M-o-G 
Glucosi?,    Set  Deilrose 
Glncosidcs,  ti5,  116 


GlycertDSt  31,  2S3,  330-1,  374, 377-^ 
Gljcin,  390,  413-5,  419,  4!7,fi6i6:f 
Glyoogen^ 

DeriT&Uon  of,  325-34 

Diitribution  of»  in  tbe  bodr.  19-; 

Eliminatioa  of,  324-5 

Fat  onpnt  and,  298 

Fate  of,  334-^0 

Formation    of    292,   314.   3l>'?^ 
333.  375-6 

Sugar  formatioQ  from,  34ft-^ 

Bynthesis  of,  34 
Glyci^enic  function  of  th«  linr.  ^ 

357  note,  361 
Glycolysis,  33S-9 
Glycoflnria.  313,  336 

Chubcs  inducing,  365 

DiureeiB  and,  709,  Tll-3 

Experimenial  production  of ,  Sl^' 
Glycyt  glycin,  666 
Goitre,  676-7 

Gold,  colloidal  solation  of,  121 
Guanidin,  20B,  66&-T,  678 
Gaanin,  391-2,  397-9,  405-T 
Guinea   pig,    critioaJ    tcmperatnir  i 

3i7l 
Gun  cotton,  Bpontaueona   exDlonoo ' 
112  ^^ 

HfUAGOLDTjNlNB,  456 

Hiematfleromet^r,  545 

HBinoffloWn,  527,  631-2,  536 

HvmolyHinBH  436  tt  req. 

HiemolYai[<,  434  ft  teq. 

HapiOE^ono  ^onp  ^  tonus,  442-3 

Heat^ 

Production  and  loss  of,  26*-B 
llelation  to    natural    pbenoinei 

2GG-7 
Transfonnations  of,  tMiuariou ' 
19-27 

Hoat  stroke,  272 

Heifihr.  average,  at  different  ogps,  ^ 

Henry's  I^w,  522 

Hepatijtoxin,  464 

Herbiviiia,  purio  metaboliam  in.  41° 
41^-9 

Heredity-  8-9 

He  I  OSes.  2tl,  :J0,  40 

Hibi^mniing  nmrnmals 

Respimtory  qnotient  in,  488.511 
Temperature  of,  50f*,  6il 

Hipptiric  atiti,  6ij5,  666,  691 

Huiniono:^,  iSi  rt  te^. 

fiffdra  riridii,  201 

Hydrft!H]ic  plethora,  702,  703 

Hydrocyanic  acid.  I04.  119,  120,1! 

Hydrogen  ions,  6;*^,  87,  99-103,  11 

HydrOKiin-peroiide,  123 

Hydrohsia — 

Acidaand  bases,  bj,  Q6fl-tf 
Conditions  fagonring  BO-U 
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Uydto%y\  JoDfl,  tiB-1.  100-3 
Bypergl]^c«mla,  Wi-C.  M79.  TOO 

K)i»JEr—                                                           ^^1 

Diabetei;,  To,  3G5                                        ^^M 

Hy^rt^r|pTifeft,  Trfiti— 7 

r«oJth-;iihunii-n  iti.  lUn                         ^^H 

Hypenoiiic  aolutionri.  Ifil,  tt08,  627 

Mttaboliaui  in,  IflU                                     ^^^ 

Hypoioiilhin — 

PbloridEina'tiuiriiAiratioTi  011,301-4                  1 

Fotecf.  4ft",-8,  JIO-IK 

Purin  motabolbm  in,4lfi-7.il9-2l            ^J 

B«|ikj.icuiA^ip£,  I4U1-2 

l^oline  diurefioa  00,  703-S                          ^^H 

UHc  ACld  etcntion,  InflueBDe  on. 

StTiirtural  fwcMllArlMi^  of,  69t-S             ^^H 

;iM-7 

Lric  aoid  dtbtfuetiim  in,  414                   ^^H 

Liriiiar?  aeurttjon  in.  ti^l  et  ttq^               ^^^^ 

luBiDiTJOK,  caa 

VdIqeuv  0DQrg7  of  cclb  of,  IB                   ^^^| 

iTomUDltj,  1  lS-1.  laS  C(  H^. 

Work  rUiDK-  by,  lG]-£                                      ^^1 
Set  rf/-a  n«aa].                                            ^^H 

IcfDntiJ — 

Rtspiratorj  es(.'lia.nss  In,  AQ^^i 

Klnafiefl,  109                                                       ^^H 

TtimperalDTe  rei^ialion  In,  GIO 

KrpfltiD.  e7l[-H                                                   ^^H 

InfectioiL.  ion,  113-1,  l»2-3 

Krrntibln,  G7ti-e                                               ^^H 

tEorpoolfl  ultn.catalirtiaactici]  cf,  114 

^^H 

iDBOct  poiioEb.  4B0 

LACTAfiic,  32,  7a,  74                                          ^^^ 

IhU'rDAl  "►epirfttion,  (ilS 

LaiJtic  DCid  PECratlon,  U4-v                                     1 

Intprna]  Bccretion.  S75  rt  «7. 

Laciw<'.40, 72,  HZl-^ttnrl  tutul  353, 361                   1 

IdIvaI^iloI  aliw>['p[  iun — 

L»f  ul<«d^  337-3.  MO.  3fi2-3. 357,360-1.                   1 

CarbobyJmlc:-.  of,  6Ei6-9 

3li7                                                                            J 

Fat.  of.  27!^- 1^3.  667-8 

L&nd,  tbonnal  capHJt}'  of.  257                        ^^H 

FhjticiLl    piijci!>ii,   fonaMered   Ai« 

Ii«ucin.  Hugar  from ,  3)41-3                                ^^^| 

a^l>-2,  ti:-l!i-44 

L«noAC3rte4, 46!»-T1                                            ^^H 

/'ort  tudtWb.,  fi3f;-7 

Leucfilyaii^.  427-9                                              ^^^| 

Proti'wl.  t]f,  Ii5t( 

IrfTucutOJcic  ai.^ruiu,  4lH                                      ^^^| 

Viln-J  action  in,  B45-5a 

l.ifo,     Srr  OrKnuiADiH,  living                                          ^ 

[nteariiml  mud^fiH,  Mvptbajtu  cf  neubnJ 

Light  finery-,  tmDflfonnationa  of,  15-lfl                   1 

fjil  in.  379-H3 

LlpaBfl,  32-4,  i^,  021                                         ^^M 

Inl.iUitlne,   pfnncdblliCy   of   PpitfaAllom. 

Llpind  tnenibntDe.  145.  lofl-Ji                          ^^H 

637-9.  64fi-U 

Liver—                                                                ^^H 

iDTilin,  353 

Addofliaaad,  G^S                                      ^^H 

InvorUrt — 

Auule  jelJow  atropfaj  of,  Gl^&-'              ^^H 

Am^gt^AUu . nelson  on,  lift 

Ammonia    Into  are*,    motbod    of 

Cane  Bngar,  ft4?t!on  oo^  (iB,  G7-74, 

^onvpTtinff,  r>RR-ftO 

7^,  «U  «vitrr 

Dtnniatlc  tbrments  of,  ^4 

CbtmiciJ  lUilun-  of.  IIS 

Gljcoijenlc  fancljoc  of.  3214,  3Q7 

InvcEtin.  ^f^.  ij2l 

not€,3(il 

Iodine  aumbrr  *it  body  f»,  301 

MetftWiiin  of   sii^r  jd,  Bia-4, 

lodoth^rin,  &1^J-SQ 

319-21,  323.  3:)1,3HS 

lODfi — 

Pnrla  bodi^n  frirnivd  from,  395— '^ 

Chemical    tri.nBJomitllon »    aoUoa 

ITren  formation  In,  fiTH-SS 

DD.  47 

Uric  aoiil:    dontiuctioD    Id,    416, 

CoUoi'lal  Aole,  actinq  on,  631 

41?  nni^   ftote''-2l  .   HynthaaU  in. 

CoDcciitratiDQ  of,  cffogt  oncoEfTnefl 

423-7 

and  coUd,  100-3 

LuDga.  compreued  aJr  an,  2I1EM!                  ^^H 

DiVriiZH-intLon  preHUre  of,  1A(V3 

I^jrraph —                                                            ^^H 

FDTinall[»a  uf,  47 

Abiotptlon  of,  500-1^                              ^^H 

HwdrHK'""'   diSHtnictlvft    Mtjon    of. 

Cumposiilnn  of,  G94^                             ^^H 

00-101" 

Formabion  uf,  BPO  r£  ■r^.                                ^^^H 

Physiological    aotjoa    of,  639-31, 

Oaicoua  eichange  bctoeea  btood,                   f 

lUl 

tiua«a  BDcT,  fifi7-9                                   ^^m 

U'aorgaAufld  fermcntR,  actton  on, 

TlsHiie  nntntioD,  and,  fll&-4                   ^^H 

631-2 

LyiDphifogneA.  fiSti-m,'!,  702                          ^^H 

luDuatioij  III  nAatUms,  l1S3-i 

^^m 

IrcB.B-*f 

llAUnNANt  growllii.  caiuadoD  Ibeorr                  J 

Iiritobility,  9-10 

of,  fi9                                                               ^^J 

laO'lnotOBe.  :iS 

UaLf  diMidiB?,  97                                               ^^H 

[funtanic  fioInUan.  132.  l&l.  ti06-9 

UalUsc',  :jL.'.  72.  7fi                                            ^^H 

lUlT«ie.  ao,  32,  40,  T2.  T4, 189-90,111.                ^ 

jATAIiGaE  baibii,  374 

^U.  :i&^                                              J 

^H 

■bi 
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M mimili,  m«t»boU»m  of  porin  bodies 

MimTTiaTT  gbod,  191 

Mmh,  oridoal  t«miMnSu«  of,  STl 

Hi^uaM  Mlu.  Ill 

IUh  witios,  Uw  of,  U 

IfunffAiSlO 

HM,  lOO,  19%  19S,  8»-fi,  4M,  40T 

HwutnudoD,  191 

MotoboUam— 

oeu,  10-11,  ie.ai,  101-3 

Comproned  air,  In,  £ST-8 

Cridiml  tvnpmtf  ora,  A»,  271 

Kffvot  of  bl,  oBTbobjdrate  ud 
protald  00,  906-6 

Fat,  oM38  «  M. 

KidDa;,  In,  198 

KvottouofiBO 

Beat,«ffaotof,  908 

Watorud.  269-68 
Hotala- 

Colkddal  MlattoDi,  mothod  of  ob- 
talJiliig,  1)1-9 

Edv^j  tiBiufonBont  h,  9 
MoUU-mU,  lie,  130-1£B 
Mathjl-aooUte,  64 
Jtotbyl-poriiu,  i06,  407 
lOoB,  onoturo  ot|   to  wot  oold    air, 

369 
Hloro-o^ubnu,  lipolrtlo  aeUon  of. 

Milk,  192,  19B,  £77,  ST8.  3»«-6,  100 
Hllk-onrdliDg  ODfjino  la  flsh  ftomachi 

116 
Hlnvr*'  phthlsU,  4SS 

Mints, -work  in,  27S 

Holocul&i  grouping  uid  lyniotic  aatioit, 

11&-6 
Molecular    v^ibrAtioaa,    thoory    a«    to, 

12G-0 
MoljAch,  reacdoTX  of,  aiB  not* 
MoDo^miao  uLda,  urea  from,  671-3. 

681-2 
Mono^batfrin,  33,  £82 
Hodldi,  201,  283 
MouDtBin    air,  tberaponElo  nlaa   of, 

232 
Haontaia  climbing,  3t0 
UouDtalti  sicknoM,  SIfi-0,  2SS-3,  33t, 

232 
Mac  in,  316 
Muicles — 

Gtjcogen    in,    314,    321-3,     339, 

361 
PuriD  bodies  ia,  403,  405,  42S-31 
Respiratory  exchaDge  of.  Gfi2-3 
MuBcular  work^ 
ElTecUof.217 
Fat    aBBimllation    aoil*  £81.    2H9, 

:i05,  SOGh  3f>« 
Qljoi^en  ellminalloD  bj,  324-5 
Porin  eTcretion  and.  405 


Muscular  work  (c^mtinuri)— 

Reapu-AlorT    vxcb«bR  ip^I 
BOS,  CGS 
Hjsffldeojft,  576-S.  580.  961 

Nm^koks^  akin  of  ^  266 

NophrotDJiin.  4M 

Nowe  de^QetatioD,  299. 

NerroaH  ejatfito^ — 

Centr&l,   eHeot  of  i^vta^nm^ 

on.  243-^ 
SBcretl<»T>,  iiiflaaDoeoD,lOtfj 
Sttcretorf  aciivitj  of  luc^h 

OCLCO  OQ,  M9 

StimnlstioQ     of,    Apd  elfna 

34!^-5 
TeinpentDT«    ooctrollad  by, : 

ail-2 

cojnpresaed  air  oi:.  243 
Neurotoim,  IG-t 
NicDliD.  34S-4 
NiLilcmcld,  113 
KftiogCD — 

Abmoapherion  460,  461 
Blood,  in,  520,  521,  523.  saw 
CoeSoie&t  of  ^btfotptioQ  bv 

522,523 
D  :  N  In  di»bet«»,  S4<-52.15* 

378  tiTvl  nou 
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AN  ACCOUNT  OF  THE  PRINCIPAL  PROCESSES  INVOLVrNG 

RISK. 

Bi^  Thoh\s  M.  Lecge,  M.D-  Oxon,,  D.P,H.  Caotab.,  H.M. 
Metfical  Inspector  of  Factories;  Memboi  of  the  CommitleG  on 
Compensacion  for  laduslrial  Diseases  i  Lecturer  on  Factory 
Hygiene,  University  oF  Manchester;  and  Kenneth  W,  Goadpy, 
D.F.H.  Cantab-,  Pathologist  and  Lecturer  on  Bactetiology, 
Naliocal  Dental  Hospital. 

THE  PROTEIN  ELEMENT  IN 
NUTRITION. 

By  Major  D.  McCav,  M.B.,  B.Ch  ,  B-A.O,.  M.R.C.P.  Lood., 

LM-S-,  ProfesEor  of  PhyEiology,  Medical  College,  CalcutUi 
Examiner  in  Physiology,  Calcutta  and  Punjab  University. 

SHOCK : 

THE  PATHOLOGICAL  PHYSIOLOGY  OF  SOME  MODES  OF 

DVING, 

By   YA>:DEr_L    Hbndersow,   Ph.D-,    Professor  of  Phyaology, 

Vale  University. 

THE  CARRIER  PROBLEM   IN 
INFECTIOUS  DISEASE. 

WITH    PARTICULAR   RtFEBENCB   TO 
ENTERIC    FEVER,    DIPHTHERIA,    CEREBKO-SPINAL   MENIN- 
GITIS, BACILLARY   DYSENTERY  AND  CHOLERA. 

By  J.  C.  G,  Ledingham,  D.Sc,,  M.B.,  M.A..  Chief  Bacterio- 
logist, Lister  Ipstitutc  of  Preventive  Medicine,  Loadco;  aati 
C*  F.  Pbtrie,  M.D.,  Lister  Institute  of  Preventive  Medicijic, 
London, 

U3NDON  :  EDWARD  ARNOLD,  41  &  ^3  MADDOX  STREET  W. 
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